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SUMMARY OF PROCEEDINGS OF THE 59TH ANNUAL 
MEETING 


The 59th Annual Meeting of the American Foundry- 
men’s Society, a “paper convention,” was held in 
Houston, Texas, May 23-27, 1955 without exhibits. 
Registered attendance at this Convention was approx- 
imately 1500. 

Credit for the excellent reception and hospitality re- 
ceived by those attending is given to the Houston 
Chapter of AFS under the chairmanship of F. M. Witt- 
linger, Texas Electric Steel Casting Co. This Com- 
mittee excelled in its splendid work and hospitality as 
host to the hundreds of members and guests attending 
the Convention. 

During the 5-day Convention 60 technical sessions 
were held with over 100 papers being presented. There 
were also two Brass and Bronze Shop Course Sessions, 
two Gray Iron Shop Course sessions, two Sand Shop 
Course sessions, and two Malleable Iron Shop Course 
sessions. 

A Symposium on Nondestructive Testing was pre- 
sented and jointly sponsored by AFS and S.N.D.T. A 
Round Table Luncheon was sponsored by each Di- 
vision except the Sand Division which sponsored a 
Dinner. The Charles Edgar Hoyt Memorial Lecture 
was given by Fred J. Walls, The International Nickel 
Co., Inc., Detroit, who spoke on “Education and Future 
Foundrymen.” 

A summary of the sessions held follows: 


BRASS AND BRONZE SESSION 
Monday, May 23, 10:00 A.M. 
Presiding—W. H. Baer, Bureau of Ships, Navy Dept., Washington. 
Co-Chairman—A. W. Bardeen, Ohio Brass Co., Mansfield, Ohio. 

Feeding of Castings—Thornton C. Bunch and George E. Dal- 
bey, Mare Island Naval Shipyard Foundry, Vallejo, Calif. 

Vapor Holes in Brass and Bronze Castings from Loose Sand 
Grains—W. B. George and Floyd Keller, R. Lavin & Sons, Inc., 
Chicago. 

PLASTER MOLD SESSION 
Monday, May 23, 10:00 A. M. 
Presiding—Hyman Rosenthal, Pitman-Dunn Laboratories, Frank- 
ford Arsenal, Philadelphia. 
Co-Chairmen—E. H. Muth, Universal Castings Co., Chicago. 

Production of Flexible-Faced Core Boxes for Metal Casting 
Plaster Cores—Robert F. Dalton, formerly Hills-McCanna Co. 
now with Howard Foundry, Chicago. 

Surface and Internal Bubble Control in Poured Investment 
Plasters—J. N. Trant and R. G. Megaw, United States Gypsum 
Co., Chicago. 

Influence of Vibration on Fluidity and Filling During Invest- 
ment of Casting of an Aluminum Alloy—D. W. Levinson, A. H. 
Murphy, and W. Rostoker, Armour Research, Chicago. 


MALLEABLE SESSION 
Monday, May 23, 10:00 A.M. 
Presiding—C. L. Carter, Albion Malleable lron Co., Albion, Mich. 
Co-Chairman—L. E. Emery, Marion Malleable Iron Works, Mar- 
ion, Ind. 

Effects of Trace Amounts of Tin, Lead, and Antimony on An- 
nealing of Blackheart Malleable Iron—R. C. Shnay, Dept. of 
Mines and Technical Surveys, Ottawa, Ont., J. E. Wilson and J. 
E. Rehder, Canada Iron Foundries, Montreal, Que. 

Embrittlement, Toughening, and Sub-Critical Thermal Treat- 
ment of Malleable Iron—Gilbert FE. Kempka, University of Wis- 
consin, Madison. 
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BRASS AND BRONZE ROUND TABLE LUNCHEON 
Monday, May 23, 12:00 Noon 
Presiding—B. A. Miller, Crown Non-Ferrous Foundry, Chester, 
Pa. 
Co-Chairman—H. L. Smith, Federated Metals Div., American 
Smelting & Refining Co., Hammond, Ind. 

The Functions of the Copper Div., B.D.S.A.—W. A. Meissner, 
Copper Div., Business & Defense Services Administration, Dept. 
of Commerce, Washington, D. C. 

Round Table Discussion of Foundry Practices. 


MALLEABLE ROUND TABLE LUNCHEON 
Monday, May 23, 12:00 Noon 
Presiding—R. j. Anderson, Belle City Malleable Iron Co., Racine, 
Wis. 
Producing Solid Castings with Minimum Cost for Feeders— 
B. C. Yearley, National Malleable & Steel Castings Co., Cleveland. 


FOUNDRY Cost SESSION 
Monday, May 23, 2:00 P.M. 

Presiding—C. E. Westover, Westover Engineers, Milwaukee. 
Co-Chairman—William Busby, Texas Foundries, Lufkin, Texas. 

Modern Management Control—Roger K. Dailey, Lester B. 
Knight & Associates, Chicago. 

The Management Task in a Competitive Economy—L. L. 
Ellis, Booz, Allen & Hamilton, Chicago. 


LiGHT METALS SESSION 
Monday, May 23, 2:00 P.M. 
Presiding—D. L. Colwell, Apex Smelting Co., Cleveland. 
Co-Chairman—W. A. Mader, Oberdorfer Foundries Inc., Syracuse. 

Tensile Property Evaluation of Shell-Mold-Cast Versus 
Green-Sand-Cast Magnesium Alloy Test Bars—Nicholas Shep- 
tak, Dow Chemical Co., Midland, Mich. 

Foundry Characteristics and Properties of the Magnesium 
Sand Cast Alloy HZ32XA—K. E. Nelson, Dow Chemical Co., 
Midland, Mich. 

Mechanical Properties of Cast Titanium-Silicon Alloys— H. 
W. Antes and R. E. Edelman, Pitman-Dunn Laboratories, Frank- 
ford Arsenal, Philadelphia. 


SAND SESSION 
Monday, May 23, 2:00 P.M. 
Presiding—Victor M. Rowell, Harry W. Dietert Co., Detroit. 
Co-Chairman—F. S. Brewster, Brumley-Donaldson Co., Los 
Angeles. 

General Motors Experimental Foundry—L. J. Pedicini, Proc- 
ess Development Section, General Motors Corp., Warren, Mich. 

What are Your Raw Material Costs?—S. C. Massari, Hansell- 
Elcock Co., Chicago. 


BRASS AND BRONZE COURSE 
Monday, May 23, 4:00 P.M. 
Presiding—John G. Collier, Garrott Brass & Machine Co., Inc., 
Houston. 
Co-Chairman—John C. Calhoun, Dee Brass Foundry, Houston. 

Molding Equipment for the Brass Foundry—C. V. Nass, 
Beardsley & Piper Div., Pettibone Mulliken Corp., Chicago. 

Melting Equipment: for the Brass Foundry—H. J. Roast, Ot- 
tawa, Ont. 

MALLEABLE SHOP COURSE 
Monday, May 23, 4:00 P.M. 
Presiding—Eric Welander, John Deere Malleable Works, East 
Moline, III. 

Subject—Pearlitic Malleable—Discussion of various methods for 
producing pearlitic malleable iron: base iron, heat treatment, 
controls, finishing, and properties. 

Panel—R. J. Anderson, Belle City Malleable Iron Co., Racine, 
Wis.; C. F. Joseph, Central Foundry Division, General Motors 
Corp., Saginaw, Mich.; Milton Tilley, National Malleable & St.2i 
Castings Co., Cleveland, and P. F. Ulmer, Link-Belt Co., Indian- 
apolis. 
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SUMMARY OF PROCEEDINGS 


LiGHT METALS SESSION 
Monday, May 23, 4:00 P.M. 
Presiding—W. D. Stewart, Aluminum Co. of America, Pittsburgh, 
Pa. 
-Chairman—A, Slachta, Wright Aeronautical Div., Curtiss- 
Wright Corp., Wood-Ridge, N. J. 

Application of Insulated Risers to Production of Aluminum 
Alloy Sand Castings—W. A. Mader, Oberdorfer Foundries, Inc., 
Syracuse, N. Y. 

Measurement of Gas in Molten Aluminum—H. Rosenthal and 
S. Lipson, Pitman-Dunn Laboratories, Frankford Arsenal, Phil- 
adelphia. 

GRAY IRON SHOP CouRSE 
Monday, May 23, 8:00 P.M. 


Presiding—L. L. Clark, Armour Research Foundation. Chicago. 
Subject—Practical Inoculation of Cupola Melted Irons. 
Discussion Leader—Harold E. Barnum, Vanadium Corp. of 

America, Detroit. 


SAND SHOP COURSE 
Monday, May 23, 8:00 P.M. 
Presidino—C, A. Sanders, American Colloid Co., Chicago. 
Co-Chairman—F. E. Kurtz, Electric Steel Castings Co., Indian- 
apolis. 

Subject—Fitting Sand Control to your Foundry. 

Moderator—F. S. Brewster Brumley-Donaldson Co., Los An- 
geles. 

Panel—T. C. Alford, Wheland Co., Chattanooga, Tenn.; F. 
W. Jacobs, Texas Foundries, Inc., Lufkin, Texas, and Harry Wil- 
son, III, Foundry Div., Electron Corp., Littleton, Colo. 


AUTHORS AND OFFICERS BREAKFASTS 
Tuesday, May 24, 8:00 A.M. 
EDUCATION SESSION 
Tuesday, May 24, 9:30 A.M. 
Presiding—R. Verne Righter, Central Foundry Division, General 
Motors Corp., Danville, Ill. 
Co-Chairman—James H. Hewitt, Texas Foundries, Inc., Lufkin, 
Texas. 
Secretary—James L. Leach, University of Illinois, Urbana. 

Subject—Workshop for Local Chapter Education Committee 
Chairmen. 

Panel--A. C. Hensel, Albion Malleable Iron Co., Albion, Mich.; 
Frank C. Cech, Cleveland Trade School, Cleveland; Ormond Re- 
quadt, Foundry Div., Dow Chemical Co., Bay City, Mich., and 
R. A. Oster. Beloit Vocational & Adult School. Beloit, Wis. 


SAND SESSION 
Tuesday, May 24, 9:30 A.M. 
Presiding—A. B. Keckley, Texas Electric Steel Castings Co., Hous- 
ton. 
Co-Chairman and Secretary—H. E. Henderson, H. C. Macaulay 
Foundry Co., Berkeley, Calif. 

Steel Foundry Sands at Elevated Temperatures—Progress 
Report, Committee 8-L, H. W. Meyer, General Steel Castings Co.. 
Granite City, Il. 

The Scabbing Defect—Progress Report, Committee 8-J, R. L. 
Doelman, Miller & Co., Chicago. 

A New Foundry Sand Core Binder—Charles J. Gogek, George 
M. Moffet Research Laboratories, Corn Products Refining Co., 
Argo, Il. 


LIGHT METALS SESSION 
Tuesday, May 24, 9:30 A.M. 
Presiding—D. L. LaVelle, American Smelting & Refining Co., Bar- 
ber, N. J. 
Co-Chairman—J. W. Meier, Dept. of Mines and Technical Sur- 
veys, Ottawa, Ont. 

The Meaning of the Cast Test Bar in the Evaluation of 
Aluminum and Mzgaesium Alloy Castings—A. G. Slachta and 
H. Mansfield, Wright Aeronautical Div., Curtiss-Wright Corp.. 
Wood-Ridge, N. J. 

Mechanical Properties of Aluminum Alloy Castings—Roy E. 
Paine, Aluminum Co. of America, Vernon, Calif., and W. D. 
Stewart, Aluminum Co. of America, Pittsburgh, Pa. 
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MALLEABLE SESSION 
Tuesday, May 24, 9:30 A.M. 
Presiding—C. F. Joseph, Central Foundry Div., General Motors 
Corp., Saginaw, Mich. 
Co-Chairman and Secretary—Milton Tilley, National Malleable 
& Steel Castings Co., Cleveland. 

Effects of Some Melting Variables on the Properties of Malle- 
able Iron—AFS-Sponsored Research Project, G. E. Kempka and R. 
W. Heine, University of Wisconsin, Madison. 

Metallurgical Controls for Duplexed Malleable—L. E. Emery, 
Marion Malleable Iron Works Div., Chicago Railway Equipment 
Co., Marion, Ind. 


BRASS AND BRONZE SESSION 
Tuesday, May 24, 9:30 A.M. 
Presiding—R. A. Colton, Federated Metals Div., American Smelt- 
ing & Refining Co., Barber, N. J. 
Co-Chairman—R. B. Fischer, Ingersoll Rand Co., Phillipsburg, 
M..J. 

Improvement of Pressure Tightness and Tensile Properties 
of Gun Metal Bronze by Vacuum Degassing—W. H. Johnson, 
H. F. Bishop, and W. S. Pellini, Naval Research Laboratory, 
Washington, D. C. 

Microporosity in Gunmetal Pressure Castings—Alfred Hesse, 
Stemac, Inc., Chicago; Marvin Glassenberg, Armour Research 
Foundation, Chicago; and W. H. Baer, Bureau of Ships, Navy 
Dept., Washington, D. C. 


EDUCATION ROUND TABLE LUNCHEON 
Tuesday, May 24, 12:00 Noon 
Presiding—W. J. Hebard, Continental Foundry & Machine Co., 
East Chicago, Ind. 
Co-Chairman—W. H. Ruten, Polytechnic Institute of Brooklyn 
(N. Y.) 
Secretary—A. B. Sinnett, AFS Education Director 

Subject—In-Plant Training. 

Speaker—Donald F. Lane, National Foreman’s Institute, New 
York. 

LiGHT METALS ROUND TABLE LUNCHEON 
Tuesday, May 24, 12:00 Noon 
Presiding—M. E. Brooks, Dow Chemical Co., Bay City, Mich. 
Co-Chairman—E. V. Blacknum, Aluminum Co. of America, Pitts 
burgh, Pa. 

Subject—Castings in Airframe Design. 

Speaker—George W. Papen, Lockheed Aircraft Corp., Burbank, 
Calif. 

INDUSTRIAL ENGINEERING SESSION 
Tuesday, May 24, 2:00 P.M. 
Presiding—J. A. Westover, Westover Engineers, Milwaukee. 
Co-Chairman—J. J. Farkas, Cincinnati Milling Machine Co., Cin- 
Cinnati, Ohio. 

Production Standards and Their Place in the Foundry In- 
dustry—Stuart D. Martin, Central Foundry Div., General Motors 
Corp., Saginaw, Mich. 

Improving Foundry Paperwork—M. E. Mundel, Marquette 
University, Milwaukee. 


BRASS AND BRONZE SESSION 
Tuesday, May 24, 2:00 P.M. 
Presiding—T. E. Gregory, Michigan Smelting & Refining Div., 
Bohn Aluminum & Brass Corp., Detroit. 
Co-Chairman—George H. Bradshaw, Naval Shipyard Philadel- 
phia. 

Short-Time Elevated Temperature Properties of Three Cop- 
per-Base Casting Alloy—J. O. Edwards, Dept. of Mines and Tech- 
nical Surveys, Ottawa, Ont. 

Investigation of Precision Casting 0f Experimental Propellers— 
A. R. Willner, Seymour Goodman, and Charles L. Tippett, David 
Taylor Model Basin, Washington, D. C. 


AIR POLLUTION CONTROL SESSION 
Tuesday, May 24, 2:00-5:00 P.M. 
Presiding—F. A. Patty, General Motors Corp., Detroit. 
Co-Chairman—J. C. Radcliffe, Ford Motor Co., Dearborn, Mich. 
Reports on Program Activities and Introduction of Working 
Committeemen Chairmen—R. J. Allan, Allan Industries, Inc., 
Melbourne, Fla. 
Report on Air Pollution Control Manual—F. A. Patty. 
A Study of Cupola Design and Operating Factors That Influ- 
ence The Emission Rates from Foundry Cupolas—R. C. Ortgies, 
American Air Filter Co., Inc., Louisville, Ky. 
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Air Pollution Problems—George D. Clayton, George D. Clay- 
ton & Associates, Detroit. 

Round Table Discussion—Panel composed of members of Air 
Pollution Control Committee. 


SAND SESSION 
Tuesday, May 24, 2:00 P.M. ' 
Presiding—C. W. Williamson, Trinity Valley Iron & Steel Co., 
Fort Worth, Texas. 

Co-Chairman—E. C. Zirzow, Werner G. Smith, Inc., Cleveland. 

It Is Not All Sand!—C. A. Sanders, American Colloid Co., Chi- 
cago, and Nathan Levinsohn, Minneapolis-Moline Co., Minne- 
apolis. 

Casting Finish a Function of Sand Additives—Burdette Jones, 
John Deere Waterloo Tractor Works, Waterloo, Iowa. 


MALLEABLE SESSION 
Tuesday, May 24, 2:00 P.M. 
Presiding—J. H. Lansing, Malleable Founders’ Society, Cleveland. 
Co-Chairman—Fred Katzenski, International Harvester Co., Wau- 
kesha, Wis. 

Interrelation of Heat Treatment, Mechanical Properties, and 
Machinability of Pearlitic Malleable Iron—J. E. Kruse, Albion 
Malleable Iron Co., Albion, Mich. 

Effects of Molybdenum on Stability and High Temperature 
Properties of Pearlitic Malleable Iron—W. Scholz, D. V. Doane, 
Climax Molybdenum Co., Detroit. 


BRASS AND BRONZE SHOP COURSE 
Tuesday, May 24, 4:00 P.M. 
Presiding—F. L. Riddell, H. Kramer & Co., Chicago. 
Co-Chairman—Chester L. Mack, Chautauqua Hardware Co., 
Jamestown, N. Y. 

Subject—Shell Molding. 

Dimensional Tolerances and Surface Structure in Various 
Shell Cast Metals—Richard A. Flinn, Walter B. Pierce, and Floyd 
R. Smith, University of Michigan, Ann Arbor, and Paul F. Young- 
dahl, Mechanical Handling Systems, Inc., Detroit. 


MALLEABLE SHOP COURSE 
Tuesday, May 24, 4:00 P.M. 

Presiding—R. W. Heine, University of Wisconsin, Madison. 

Subject—Hot Tearing. 

Has Research on Hot Tears Prevented Their Occurrence?— 
B. C. Yearley, National Malleable & Steel Castings Co., Cleveland. 

Effects of the Melting Process on the Cracking Tendencies 
of Malleable Iron—F. W. Jacobs, Texas Foundries, Lufkin, Texas. 


LiGHT METALS SEssION 
Tuesday, May 24, 4:00 P.M. 
Presiding—F. E. Dye, Burndy Engineering Co., Inc., Lynwood, 
Calif. 
Co-Chairman—C. R. Gregg, Gregg Iron Foundry, El Monte, 
Calif. 

Production of Aluminum Alloy Specification Castings—R. E. 
Paine and P. V. Faragher, Aluminum Co. of America, Pitts- 
burgh, Pa. 

A Case Study of a Premium Strength Casting—A. J. Carah, 
Douglas Aircraft Co., Inc., Santa Monica, Calif. 


SAND Division DINNER 
Tuesday, May 24, 6:00 P.M. 

Presiding—E. C. Zirzow, Werner G. Smith Co., Cleveland. 
Co-Chairman—Roy Carver, Carver Pump Co., Muscatine, Lowa. 

Subject—The Carbon Dioxide Process for Hardening Cores 
and Molds (oral and movie presentation) . 

Speaker—Dr. Waldemar Schumacher, Concordiahutte, A.G., 
Bendorf am Rheim, Germany. 


AFS ALUMNI DINNER 
Tuesday, May 24, 6:30 P.M. 
Subject—Human Relations in the Foundry Industry. 
Speaker—C. C. Chambers, Texas Foundries, Inc., Lufkin, 
Texas. 
Gray IRON SHOP CourRsE 
Tuesday, May 24, 8:00 P.M. 
Presiding—E. J. Burke, Hanna Furnace Corp., Buffalo, N. Y. 
Subject—Efficient Cupola Operation. 
Discussion Leader—E. E. Pollard, Tyler Pipe & Foundry Co., 
Tyler, Texas. 
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SAND SHOP COURSE 
Tuesday, May 24, 8:30 P.M. 


Presiding—K. L. Landgrebe, Foundry Div., Wheland Co., 


Chattanooga, Tenn. 
Subject—Sand Preparation Without Guesswork. 
Moderator—F. S. Brewster, Brumley-Donaldson Co., Los Angeles. 
Panel—William E. Patterson, Elkhart Foundry & Machine Co., 
Elkhart, Ind., and Jean Danenfelser, International Harvester Co., 
Indianapolis. 
AUTHORS AND OFFICERS BREAKFASI 
Wednesday, May 25, 8:00 A.M. 
PAST PRESIDENTS’ BREAKFAS1 
Wednesday, May 25, 8:00 A.M. 


AFS ANNUAL BUSINESS MEETING 
Wednesday, May 25, 9:30 A.M. 


Presiding—AFS National President Frank J. Dost, Sterling Foun- 
dry Co., Wellington, Ohio. 

President Dost called the meeting to order as the Annual Busi- 
ness meeting of the American Foundrymen’s Society. President 
Dost then presented the President’s Annual Address. See page 
Xi. 

Following this presentation President Dost called on General 
Manager Wm. W. Maloney who announced the 1955 AFS Ap- 
prenticeship Contest winners as follows: 


Wood Patternmaking Division 
Ist—Gene Boll, Central Pattern Co., St. Louis, Mo. 
2nd—Vincent J. Veneziano, Model Pattern Co. (M.B.M. Foun- 
dry, Inc.) , Cleveland. 
3rd—Dave Sullivan, Pacific Car & Foundry Co., Renton, Wash. 


Metal Patternmaking Division 
Ist—William J. Cook, Caterpillar Tractor Co., Peoria, IIL. 
2nd—Ernest L. Slate, Annex Pattern Works, Inc., Cleveland. 
3rd—Stanley Stobierski, Cove Pattern Works, Inc., Cleveland. 


Gray Iron Molding Division 

Ist—Frederick $. Moran, Caterpillar Tractor Co., Peoria, Ill. 

2nd—Stanley R. Varr, Brown & Sharpe Mfg. Co., Providence, 
R.I. 

$3rd—Harold Saunders, John T. Hepburn, Ltd., Toronto, On- 
tario, Canada. 


Steel Molding Division 

Ist—Richard T. Bernier, Maynard Electric Steel Castings Co., 
Milwaukee, Wis. 

2nd—Albert Meier, Atlas Foundry & Machine Co., Tacoma, 
Wash. 

3rd—Joseph J. Zohil, Dodge Steel Co., Philadelphia. 


Non-Ferrous Molding Division 
lst—Chester Boersma, Noren Pattern Mfg. Co., Fruitport, Mich. 
2nd—Oswald Keller, Nordberg Mfg. Co., Milwaukee, Wis. 
3rd—Donald Tetzlaff, Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
The Society arranged to have the five first-prize winners present 
at the Convention and to receive their awards in person. The 
first-prize winners were called to the platform and President Dost 
presented each with the first prize, a check for $100.00 and an 
engraved Certificate of Award prefaced by a few words of com- 
mendation and encouragement. 


President Dost then called on General Manager Maloney who 
reported on the nomination of Officers and Directors for the 
coming year and stated that no additional nominees had been 
received in accordance with the procedure prescribed in Art. XI 
of the Society By-Laws. He therefore cast the unanimous ballot 
of the membership of AFS for the election of the following: 


President (to serve one year): 

Bruce L. Simpson, National Engineering Co., Chicago. 
Vice President (to serve one year): 

Frank W. Shipley, Caterpillar Tractor Co., Peoria, Ill. 


Directors (to serve three years): 
C. W. Gilchrist, Cooper-Bessemer Corp., Mt. Vernon, Ohio. 
Charles E. Nelson, Dow Chemical Co., Midland, Mich. 
O. Jay Myers, Archer-Daniels-Midland Co., Minneapolis, Minn. 
Richard A. Oster, Beloit Vocational & Adult School, Beloit, Wis. 
Curtis C. Drake, Griffin Wheel Co., Denver, Colo. 
Robert W. Trimble, Bethlehem Supply Co., Tulsa, Okla. 
Harold C. Erskine, Aluminum Company of America, Pitts- 
burgh. 


Director (to serve one year): 
Frank J. Dost, Sterling Foundry Co., Wellington, Ohio. 
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CHARLES EDGAR Hoyr MEMORIAL LECTURE 
Wednesday, May 25, 10:30 A.M. 
»ubject—Education and the Future Foundryman. 
Speaker—Fred J. Walls, International Nickel Co., Inc., Detroit. 
INDUSTRIAL ENGINEERING ROUND TABLE LUNCHEON 
‘siding—Milton T. Sell, Sterling Foundry Co., Wellington, Ohio. 
(o-Chairman—Wallace E. Boswell, Glamorgan Pipe & Foundry 
Co., Lynchburg, Va. 
Your Hidden Fixed Costs and Their Effect on Profit and Loss 
M. E. Annich, American Brake Shoe Co., Mahwah, N. J. 


Gray IRON ROUND TABLE LUNCHEON 
Wednesday, May 25, 12:00 Noon 
Presiding—James S. Vanick, International Nickel Co., Inc., New 
York. 
Co-Chairman—C. K. Donoho, American Cast Iron Pipe Co., Birm 
ingham, Ala. 
Success for Castings = Design + Quality—William G. Ferrell, 
Auto Specialties Mfg. Co., St. Joseph, Mich. 
PATTERN ROUND TABLE LUNCHEON 
Wednesday, May 25, 12:00 Noon 
Presiding—J. W. Costello, American Hoist & Derrick Co., St. Paul, 
Minn. 
Co-Chairman—A. F. Pfeiffer, Allis-Chalmers Mfg. Co., West Allis, 
Wis. 
Sealing Metal Core Boxes Against Blow-By—Richard L. 
Olson, Dike-O-Seal Inc., Chicago. 

Wood Pattern Construction Standards and Specifications— 
John F. Roth, Cleveland Standard Pattern Works, Inc., Cleveland. 
SAND SESSION 
Wednesday, May 25, 2:00 P.M. 

Presiding—M. W. Williams, Houston Foundry & Machine Co., 
Houston. 
Co-Chairman and Secretary—J. B. Caine, Wyoming, Ohio. 
Current Status of Test Patterns for the Evaluation of Sand 
Mixtures—Charles Locke, Formerly with West Michigan Steel 
Foundry Co., Muskegon, Mich. 


LiGHT METALS SEssion 
Wednesday, May 25, 2:00 P.M. 
Presiding—C. E. Nelson, Dow Chemical Co., Magnesium Div. 
Midland, Mich. 
Co-Chairman—R. F. Thomson, Research Laboratories Div., Gen 
eral Motors Corp., Detroit. 

Report of Light Metals Division Research Committee on AFS 
Sponsored Vertical Gating Project: 

A Study of Fluid Flow of Light Alloys Through Vertical Gat- 
ing Systems—Research Project Co-Sponsored by Frankfort At 
senal and AFS (color, sound motion picture) , J. G. Kura, Battelle 
Memorial Institute, Columbus, Ohio. 

INDUSTRIAL HYGIENE AND SAFETY SESSION 
Wednesday, May 25, 2:00-5:00 P.M. 
Presiding—H. T. Walworth, Lumbermen’s Mutual Casualty Co.., 
Chicago. 
Co-Chairman—F. A. Patty, General Motors Corp., Detroit. 

Noise and Its Control in the Foundry—H. T. Walworth. 

Noise and Its Control (demonstration) —F. A. Patty. 

Radiant Heat and Its Control (demonstration) —W. G. Haz- 
ard, Owens-Illinois Glass Co., Toledo, Ohio. 

A New Theory for Grinding Wheel Failures—W. H. Cox and 
D. C. Williams, Ohio State University, Columbus. 

Hrat TRANSFER SESSION, Dr. HARRY A. SCHWARTZ MEMORIAL FORUM 
ON THE APPLICATION OF HEAT TRANSFER PRINCIPLES 
TO FounprRY PRACTICE (PART I) 
Wednesday, May 25, 2:00 P.M. 
Presiding—Clarence E. Sims, Battelle Memorial Institute, Colum- 
bus, Ohio. 
Co-Chairman—Arthur P. Guidi, Texas Electric Steel Casting Co., 
Houston. 
Statement of Dedication—W. K. Bock, National Malleable & 
Steel Castings Co., Cleveland. 

Range of Effectiveness of Chills—Victor Paschkis, Columbia 
University Heat and Mass Flow Analyzer Laboratory, New York. 

Feeding Range in Shell Molds—R. E. Morey, H. F. Bishop, and 
W. S. Pellini, Naval Research Laboratory, Washington, D. C. 

Risering Requirements of Nodular Iron—R. C. Shnay, Dept. 

of Mines and Technical Surveys, Ottawa, Ont. 

Heat Transfer Problems in Permanent Molds for Aluminum 

Castings—W. A. Mader, Oberdorfer Foundries, Inc., Syracuse, 
N. Y. 


REFRACTORIES SESSION 
Wednesday, May 25, 2:00 P.M. 
Presiding—Richard H. Stone, Vesuvius Crucible Co., Pittsburgh, 

Pa. i 
Co-Chairman and Secretary—Sam F. Carter, Jr., American Cast 
Iron Pipe Co., Birmingham, Ala. 

Improving Refractory Cost in Malleable Melting—L. E. Em- 
ery, Marion Malleable Iron Works Div., Chicago Railway Equip- 
ment Co., Marion, Ind. 

A Malleable Furnace Refractory Cost Reduction Program— 
Fred J. Pfarr and Albert S. Johnson, Lake City Malleable Co.. 
Cleveland. 

PLANT AND EQUIPMENT SESSION 
Wednesday, May 25, 4:00 P.M 
Presiding—James Thomson, Continental Foundry & Machine Co., 
East Chicago, Ind. 
Co-Chairman—H. W. Johnson, Wells Mfg. Co., Skokie, Ill. 

Shell Molding Process and Equipment—Carl O. Schopp, Link- 
Belt Co., Indianapolis, and James Sutherland, Link-Belt Co., 
Chicago. 

Mechanization for Small Foundries (motion picture) —H. C. 
Weimer, Beardsley & Piper Div., Pettibone Mulliken Corp., Chi- 
cago. 

GRAY IRON SESSION 
Wednesday, May 25, 4:00 P.M. 
Presiding—C. K. Donoho, American Cast Iron Pipe Co., Birming 
ham, Ala. 
Co-Chairman and Secretary—R. A. Clark, Electro Metallurgical 
Co., Div. of Union Carbide & Carbon Corp., Detroit. 

Subject—Gases in Cast Iron. 

Oxygen Content of Gray Cast Iron Increases with Time— 
R. C. Williams and Harold W. Lownie, Jr., Battelle Memorial 
Institute, Columbus, Ohio. 

Dissolved Gases in Liquid Cast Iron—William Y. Buchanan, 
John Lang & Sons, Ltd., Johnstone, Renfrewshire, Scotland 


STEEL SESSION 
Wednesday, May 25, 4:00 P.M. 
Presiding—S. L. Gertsman, Dept. of Mines and Technical Surveys, 
Ottawa, Ont. 
Co-Chairman—John R. Patton, General Steel Casting Corp., Gran 
ite City, Ill. 

High Temperature Impact Properties of Cast Steel—Charles 
F. Christopher, Continental Foundry & Machine Co., East Chi- 
cago, Ind. 

Influence of Molding Materials on Incidence of Hot Tearing 
-J. M. Middleton, British Steel Castings Research Assn., Sheffield, 
England. 

A Metallographic Study of Ruptures in Steel Castings—J. B. 
Caine, Wyoming, Ohio. 


ANNUAL BANQUET 
Wednesday, May 25, 7:00 P.M. 
Presiding—Frank J. Dost, AFS National President, Sterling Foun- 
dry Co., Wellington, Ohio. 

The Annual AFS Banquet of the Society's 59th Annual Meeting 
was called to order by President Frank J. Dost. Following singing 
of the National Anthem by those in attendance, President Dost 
introduced Past President Fred J. Walls, Chairman of the AFS 
Board of Awards who presented Honorary Life Memberships and 
AFS Gold Medal Awards as follows: 


HONORARY LiFE MEMBERSHIPS IN AFS 


Awarded to Frank C. Riecks, Technical Assistant to the Manager 
of Foundries, Ford Motor Co., Dearborn, Mich., “for outstanding 
contributions to the Society in the design and construction of the 
new AFS headquarters building.” 

Awarded to Albert F. Pfeiffer, Superintendent of Pattern Shops, 
Allis-Chalmers Mfg. Co., Milwaukee, “for contributions to the 
Society, its chapters, and the industry over many years; for bette? 
understanding of patterns and their importance in foundry work; 
and for his constant encouragement of young men to enter the 
industry.” 

Awarded to Frank J. Dost, President, Sterling Foundry Co., 
Wellington, Ohio, “for outstanding service to the Society as presi- 
deni during the year 1954-55.” 


Tue J. H. Wuirinc Gotp MEDAL 


Awarded to John B. Caine, Consultant, Wyoming, Ohio “for 
outstanding contributions to the Society and the industry, particu- 
larly in the field of foundry sand research and applications.” 














Tue Perer L. Simpson GOLD MEDAL 

Awarded to John Edward Rehder, Director of Technology and 
Research, Canada Iron’ Foundries, Montreal, Que. “for outstand- 
ing contributions to the Society and to foundry knowledge of 
cast metals.” 

THe JoHN A. PENTON GOLD MEDAL 

Awarded to Robert F. Thomson, Head of Metallurgy, Research 
Laboratories Div., General Motors Corp., Detroit, “for outstanding 
contributions to the Society and the industry in foundry research, 
particularly in the field of light metals.” 

After presentation of awards, President Dost introduced the 
guest speaker of the evening. 

Speaker: Hugh M. Comer, Board Chairman, Avondale Mills, 
Sylacauga, Ala., “The New South.” 

SAND SESSION 
Thursday, May 26, 9:30 A.M. 
Presiding—Jake Dee, Dee Brass Foundry, Houston. 
Co-Chairman—F. P. Goettman, Standard Sand Co., Grand Haven, 
Mich. 

Fundamental Principles of Agglomerating Process—Carl Lud- 
wig, Bonnot Co., Canton, Ohio. 

Microscopy and Molding Sands—V. D. Frechette, New York 
State College of Ceramics, Alfred. 

GRAY IRON SESSION 
Thursday, May 26, 9:30 A.M. 
Presiding—J. S. Vanick, International Nickel Co., Inc., New York. 
Co-Chairman—F. T. McGuire, Deere & Co., Moline. 

Subject—Injection Methods for Gray Iron. 

Calcium Carbide Desulphurization by the Injection Process 
—John A. DeHuff, Air Reduction Research Laboratory, Murray 
Hill, N. Y., and R. Schneidewind, University of Michigan, Ann 
Arbor. 

Increasing the Carbon Content of Cast Iron by Ladle Injec- 
tion—G. E. Spangler, Air Reduction Research Laboratory, Murray 
Hill, N. J., and R. Schneidewind, University of Michigan, Ann 
Arbor. 

New High Strength Cast Irons Produced by Injection Meth- 
ods—James W. Estes, Air Reduction Research Laboratory, Murray 
Hill, N. J., and R. Schneidewind, University of Michigan, Ann 
Arbor. 

PATTERN SESSION 
Thursday, May 26, 9:30 A.M. 
Presiding—Harry Arneson, Spring City Pattern Works, Waukesha, 
Wis. 
Co-Chairman—G. E. Garvey, City Pattern & Foundry Co., Inc., 
South Bend, Ind. 

Gypsum Cement Molds for Plastic Patterns—M. K. Young, 
United States Gypsum Co., Chicago. 

Research in the Patternmaking Industry—David T. Kindt, 
Kindt-Collins Co., Cleveland. 

STEEL SESSION 
Thursday, May 26, 9:30 A.M. 
Presiding—Dale Hall, Oklahoma Steel Casting Co., Tulsa, Okla. 
Co-Chairman—James H. Lowe, Mid-Continent Steel Casting Corp.., 
Shreveport, La. 

What Design Engineers Look for in Castings—Trevor David- 
son, Bucyrus-Erie Co., South Milwaukee, Wis. 

Steel Castings—Their Engineering Advantages in Weldments 
—E. J. Wellauer, Falk Corp., Milwaukee. 

Metallurgical Examination of Hot Tears In Steel Castings— 
Lyle L. Clark, Armour Research Foundation, Chicago. 

Use of Steel Castings by the Southern Pacific Co.—B. F. Kline, 
Southern Pacific Co., Sacramento, Calif. 

STEEL ROUND TABLE LUNCHEON 
Thursday, May 26, 12:00 Noon 
Presiding—V. E. Zang, Unitcast Corp., Toledo, Ohio. 

Subject— Now There’s a Good Question— Have You An 

Answer? 
HEAT TRANSFER SESSION. Dk. HARRY A. SCHWARTZ 
MEMORIAL Forum (Part II). 
Thursday, May 26, 2:00 P.M. 
Presiding—B. C. Yearley, National Malleable & Steel Castings Co.. 
Cleveland. 
Co-Chairman—James H. Lowe, Mid-Continent Steel Castings 
Corp., Shreveport, La. 

Application of Heat Transfer to Hot Tearing—J. B. Caine, 

Wyoming, Ohio. 
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Application of Indirect Chills—Charles Locke, Formerly with 
West Michigan Steel Foundry Co., Muskegon, Mich. 
Application of Insufficient Chills—E. C. Troy, Riverton, N. J. 
Risering of Commercial Steel Castings—Charles W. Briggs, 
Steel Founders’ Society, Cleveland. 


Dust CONTROL AND VENTILATION SESSION 
Thursday, May 26, 2:00-5:00 P.M. 
Presiding—John G. Liskow, American Air Filter Co., Inc., Louis- 
ville, Ky. 
Co-Chairman—A. G. Granath, National Engineering Co., Chicago. 

Engineering Manual for Control of In-Plant Environment in 
Foundries—John G. Liskow. 

Effects of Inlet and Outlet Connections Upon Fan Perform- 
ance (demonstration) —W. E. Tracy, Sturtevant Div., Westing- 
house Electric Corp., Chicago. 

Duct Work Efficiencies (demonstration) —Kenneth Robinson, 
General Motors Corp., Detroit. 


REFRACTORIES SESSION 
Thursday, May 26, 2:00 P.M. 
Presiding—W. R. Jaeschke, Whiting Corp., Harvey, II. 
Co-Chairman—F. W. Jacobs, Texas Foundries, Inc., Lufkin, Texas. 
Secretary—H. E. Henderson, Lynchburg Foundry Co., Lynchburg, 
Va. 

Forehearth Refractories for Soda Ash Desulphurizing—Sam F. 
Carter and Ralph Carlson, American Cast Iron Pipe Co., Birming- 
ham, Ala. 

High-Duty, Super-Duty, and High-Alumina Refractories in 
the Foundry—F. H. Fanning, Harbison-Walker Refractories Co., 
Pittsburgh, Pa. 

Monolithic Converter Linings—Official Exchange Paper from 
the Ivstitute of British Foundrymen, Australian Branch (Vic- 
toria) , J. Davies, Messrs. Davies & Baird Pty., Ltd., Melbourne, 
Australia. 

GRAY IRON SESSION 
Thursday, May 26, 2:00 P.M. 
Presiding—James T. MacKenzie, American Cast Iron Pipe Co., 
Birmingham, Ala. 
Co-Chairman—J. H. Kimes, Jr., Lufkin Foundry & Machine Co., 
Lufkin, Texas. 
Secretary—Ralph Laforet, Lakey Foundry Corp., Muskegon, Mich. 

Subject—Upgrading and Machinability. 

Fluidization-Injection Process for Desulphurizing and Up- 
grading Cast Iron: A Progress Report—G. P. Dahm, H. C. Barnes, 
and C. E. Bieniosek, Linde Air Products Co. Div., Union Carbide 
& Carbon Corp., Newark, N. J. 

Machinability Testing—Relation Between Casting Tempera- 
ture and Tool Life for Gray Cast Irons—-E. A. Loria, Crucible 
Steel Co. of America, Pittsburgh, Pa., and D. R. Walker, Massa- 
chusetts Institute of Technology, Cambridge. 

Developments in the Light Castings Industry Including the 
New Die Pressing Process—Official Exchange Paper from the 
Institute of British Foundrymen, R. S. M. Jeffrey, Federated Foun- 
dries, Ltd., Manchester, England. 


SAND SESSION 
Thursday, May 26, 2:00 P.M. 
Presiding—C. R. McGrail, Alamo Iron Works, San Antonio, Texas. 
Co-Chairman and Secretary—W. R. Moggridge, Ford Motor Co. of 
Canada, Ltd., Windsor, Ont. 

Use of Engineering Methods in Practicai Sand Problems: 
Strength—Density Relationships—V. FE. Zang and G. J. Grott, 
Unitcast Corp., Toledo, Ohio. 


STEEL SESSION 
Thursday, May 26, 3:00 P.M. 
Presiding—Roy C. Hobson, National Malleable & Steel Casting Co., 
Cicero, Ill. 
Co-Chairman—Hubert Chappie, National Supply Co., Torrance, 
Calif. 
Manufacture of High-Quality Pressure Tight Steel Castings 
—J. F. Wallace, Case Institute of Technology, Cleveland. 
Factors that Contribute to the Production of Clean Castings 
—C. B. Williams, Massillon Steel Casting Co., Massillon, Ohio. 
Development of a Bottom Pour Ladle Practice for Quality 
Steel Castings—A. W. Fastabend, American Steel Foundries, East 
Chicago, Ind. 
Ladle Practice—Arthur P. Guidi, Texas Electric Steel Casting 
Co., Houston. 
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PATTERN SESSION 
Thursday, May 26, 4:00 P.M. 
residing—A. F. Pfeiffer, Allis-Chalmers Mfg. Co., West Allis, Wis. 
»-Chairman—John F. Roth, Cleveland Standard Pattern Works, 
Inc., Cleveland. 

High Pressure Molding—T. E. Barlow, Eastern Clay Products 
Jept. of International Minerals & Chemical Corp., Chicago. 

Precision Patterns from Zircon Molds—J. E. Stock and A. V. 
Schoville, John Deere Waterloo Tractor Works, Waterloo, Iowa. 


GRAY IRON SESSION 
Thursday, May 26, 4:00 P.M. 
Presiding—Alfred Boyles, U. S$. Pipe & Foundry Co., Burlington, 
Sen R. McGrail, Alamo Iron Works, San Antonio, 
Texas. 
Secretary—H. W. Lownie, Jr., Battelle Memorial Institute, Colum 
bus, Ohio. 

Subject—Nodular Iron. 

Nickel Austenitic Ductile Irons—F. G. Sefing, International 
Nickel Co., Inc., New York. 

Theory of Nodular Graphite Formation in Ductile Cast Iron— 
Paul H. Anderson, South Dakota School of Mines and Technology, 
Rapid City. 

Hardenability of Ductile Cast Iron—C. C. Reynolds, W. T. 
Whittington, and H. F. Taylor, Massachusetts Institute of Tech- 
nology, Cambridge. 


SAND SESSION 
Thursday, May 26, 4:00 P.M. 
Presiding—DeWitt McKinley, McKinley Iron Works, Fort Worth, 
Texas. 

Co-Chairman—W. E. Kinread, Whiting Corp., Ltd., Toronto, Ont. 

Load-Carrying Power of Molding Sands—Harry W. Dietert. 
F. S. Brewster, and Alexander Graham, Harry W. Dietert Co., 
Detroit. 


PeExXAS CHAPTER NIGHT (ENTERTAINMENT PROGRAM) 
Thursday, May 26, 7:00 P.M. 


GRAY IRON SESSION 
Friday, May 27, 9:30 A.M. 
Presiding—W. C. Jeffrey, University of Alabama, Tuscaloosa, Ala. 
Co-Chairman—E. E. Pollard, Tyler Pipe & Foundry Co., Tyler, 
Texas. 
Secretary—H. J. Pfeiffer, Jr., Electro Metallurgical Co. Div. of 
Union Carbide & Carbon Corp., Houston. 

Subject—Gating and Risering. 

Risering of Nodular Iron—Part II—Effect of Silicon Content 
on Feeding Distance—R. C. Shnay and S. L. Gertsman, Dept. of 
Mines and Technical Surveys, Ottawa, Ont. 

Risering of Ductile Cast Iron—Riser Dimensions, Feeding 
Distance, and Other Data—R. A. Flinn and W. A. Spindler, Uni- 
versity of Michigan, Ann Arbor, and D. J. Reese, International 
Nickel Co., Inc., Bayonne, N. J. 

Risering of Gray Iron Castings—Report No. 6—AFS Sponsored 
Research Project, E. F. Sullivan, Jr., C. M. Adams, Jr., and H. F. 
Taylor, Massachusetts Institute of Technology, Cambridge. 
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SAND SESSION 
Friday, May 27, 9:30 A.M. 
Presiding—Robert R. Cline, Nibco of Texas, Inc., Div. of Northern 
Indiana Brass-Co., Nacogdoches, Texas. 
Co-Chairman and Secretary—B. H. Booth, Carpenter Bros., Inc., 
Milwaukee. 

Core Room Practice Pitfalls—R. H. Greenlee, Auto Specialties 
Mfg. Co., St. Joseph, Mich. 

A Critical Analysis of the Cylindrical Standard Test Specimen 
for Foundry Sands—Walter Goetz, George Fischer, Ltd., Schaff- 
hausen, Switzerland. 

Reactions During Core Baking—G. J. Grott, Unitcast Corp., 
Toledo, Ohio, and H. F. Taylor, Massachusetts Institute of Tech- 
nology, Cambridge. 

Clay, Fines, and Water Relationships for Green Strength in 
Molding Sands—A. H. Zrimsek and R. W. Heine, University of 
Wisconsin, Madison. 


STEEL SESSION 
Friday, May 27, 9:30 A.M. 
Presiding—Thomas H. Shartle, Texas Electric Steel Casting Co., 
Inc., Houston. 
Co-Chairman—Allan Bixby, National Malleable & Steel Castings 
Co., Melrose Park, III. 

A Simplified Method for Determining Riser Dimensions— 
H. F. Bishop, E. T. Myskowski, and W. S. Pellini, Naval Research 
Laboratory, Washington, D. C. 

Application of Chills for the Solidification of Rib and Boss 
Hot Spots on Plates—H. F. Bishop and E. T. Myskowski, Naval 
Research Laboratory, Washington, D. C. 

Pressure Pouring and Graphite Permanent Molds used in the 
Production of Steel Car Wheels—Hale H. Hursen, Griffin Wheel 
Co., Chicago. 


Joint LUNCHEON — SociETY FOR NON-DESTRUCTIVE TESTING AND 
AMERICAN FOUNDRYMEN’'S SOCIETY 
Friday, May 27, 12:00 Noon 
Presiding—A. W. Gilbert (Carbide & Carbon Chemical Co., Texas 
City, Texas), chairman Houston Section, Society for Non- 
destructive Testing. 
Subject—Nondestructive Testing—A Valuable Tool for the 
Foundryman. 
Speaker—Hans J]. Heine, AFS Technical Director. 


SYMPOSIUM ON NONDESTRUCTIVE ‘TESTING 
Friday, May 27, 2:00 P.M. 

Presiding—A. W. Gilbert. 
Co-Chairman—Hans J. Heine. 

Improved Casting Quality Through Nondestructive Testing 
—Francis H. Hohn, Scullin Steel Co., St. Louis. 

Use of Cobalt 60 for Castings—-Jewelle N. Ketchbaw, Industrial 
Welding & Testing Laboratory, Houston. 

Magnetic Particle Inspection—Kermit Skeie, Magnaflux Corp.., 
Chicago. 

Experimental Stress Analysis—Joe W. Beckham, Texas Foun- 
dries, Inc., Lufkin, Texas. 

Industrial Radiography—T. Howard Rogers, Naval Research 
Establishment of Canada, Halifax, Nova Scotia. 

Use of Radiography in the Nondestructive Testing of Cast- 
ings—W. D. Kiehle, Eastman Kodak Co., Rochester, N. Y. 


59th ANNUAL AFS CONVENTION OFFICIALLY CLOSED. 
Friday, May 27, 4:00 P.M. 











PRESIDENT’S ANNUAL ADDRESS 


Frank J. Dost* 


In this summary of the Society’s work during the 
past year, I shall confine myself largely to facts. At 
the same time, I would like to report some observa- 
tions of my own on AFS as a whole, for what they 
may be worth. 

Like other Presidents before me, I have been tre- 
mendously impressed with the sincere effort put forth 
by the Committees and Chapters in advancing the 
Society’s work. If our Committees are the “life blood” 
of our technical work, the Chapters form the “back- 
bone” of the Society’s influence in the industry. In 
this analogy, the Central Office provides the veins of 
communication. All three are necessary to keep AFS 
healthy. 

The work of our technical Committees, and the 
personal value of Committee service, can hardly be 
overemphasized. The Committees prepare numerous 
books, pamphlets and other publications. They initi- 
ate and oversee AFS research work. They develop the 
annual Convention programs. They prepare papers 
for the Conventions, articles for AMERICAN 
FOUNDRYMAN, and present talks before Chapters 
and Regional Conferences. Finally, they consult with 
the AFS Staff on foundry problems. 

Strangely enough, the number of volunteers for 
Committee service has been diminishing, yet I know 
of no more stimulating and rewarding association 
activity. Alert foundry management should urge par- 
ticipation by key personnel. Any organization needs 
‘new blood” to stimulate thinking and progress. 

Fundamental research is one of the functions of 
AFS, and five separate projects are presently under 
investigation . . . for the Light Metals division, Malle- 
able division, Steel division, and two Sand division 
projects. The Gray Iron and Brass and Bronze divis- 
ions recently completed their projects and are con- 
sidering new ones. 

I cannot emphasize too strongly that the findings 
from these research projects should be known to 
management . . . and used. For example, the Light 
Metals project has again produced a new film, on 
Vertical Gating Systems. 

The AFS publications on foundry practice are 


*President, Sterling Foundry Co., Wellington, Ohio 





known and used throughout the world. New Books 
are constantly being developed to meet the needs of 
the industry. During the past year, several excellent 
books have been produced, including the following: 

Time and Motion Study for the Foundry. 

Control of Emissions from Metal Melting Opera- 

tions. 

Melt Quality and Pressure Tightness of Copper- 

Base Alloys. 

Processing Molding Sands. 

Risering of Gray Iron Castings—No. 5. 

Introduction to Principles of Foundry Ventilation 

and Foundry Hygiene. 

Exhaust Hoods and System Design. 

Practical Design of Sand Handling Ventilation Sys- 

tems. 

The Foundry is a GOOD Place to Work. 

‘Fwo long-awaited books are in final stages. The 
Cast Metals Handbook, completely new, is now being 
printed and will be available next spring. The Col- 
lege Foundry Textbook, promised this spring, unfort- 
unately will not be available until fall. 

An important new Engineering Manual for Control 
of In-Plant Environment in Foundries, the first of two 
pioneering jobs of the Safety, Hygiene and Air Pollu- 
tion Controi Program, is also scheduled for this fall. 
Meanwhile, individual sections are being made avail- 
able as completed. There is nothing available today 
that in any way approaches these works. 

During the past year, AFS initiated, under our 
Technical Director, a series of Castings Clinics for 
Chapter presentation. Also under contemplation is 
an AFS-sponsored Sand School. Watch for these in 
your Chapters. 

Education 

As you may know, AFS Educational activities are 
carried on largely at the secondary school and in-plant 
levels. The annual Apprentice Contests are known to 
all. AFS is now engaged, with a Joint Committee on 
Foundry Vocational Training, in preparing a series 
of training manuals for foundry use. 

We have just reissued the popular booklet, “The 
Foundry Is A GOOD Place to Work,” and copies are 
now available. 

You all know, of course, of the generosity of Thom- 
as W. Pangborn in making an educational grant of 
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P» ESIDENT’S ANNUAL ADDRESS 


50,000 for scholarship purposes. It is my pleasure 
o announce that deeds of grant have now been agreed 
,on, and the scholarships available will be announc- 
| this fall. They will be administered largely through 
the Chapters. We are proud to be participating in 
this great work. 


Ff 


ec « 
he 


Membership 

In the face of poor business conditions in our in- 
dustry during the past year, and in spite of substan- 
tial dues increases effective last July, we have pretty 
much held our own in membership. As of July 1, 
1954, total membership was 11,551. As of May | this 
year the total was 11,054. We feel the slight loss is 
a normal one, all things considered, and we are con- 
fident that the membership will continue to grow. 


Chapters 

During the past year, a total of 7 Regional foundry 
conferences were sponsored by 22 Chapters of the 
Society . . . in Canada, Michigan, Purdue University, 
the Pacific Northwest, Wisconsin, Birmingham, and 
Los Angeles. These conferences bring nationally- 
known speakers to local areas for the benefit of your 
employees, many of whom do not have an opportu- 
nity to attend an annual convention. In other words, 
through the medium of the regional conference, we 
are able to bring first hand to these people the latest 
information on foundry practices. This should be im- 
portant to management and I urge your wholehearted 
support by encouraging more of your people to attend. 

While no new Chapters were added during the 
year, interest is high in several areas. The Chapters 
provide a training ground for your employees, a meet- 
ing place for new ideas, a forum for discussion of your 
problems. A number of Chapters present valuable ed- 
ucational courses each year, intended to broaden the 
knowledge of foundry workers. Management will ben- 
efit by seeing that these courses are well attended. 


In passing, I want to mention the annual Chapter 
Officers Conference as a means of training and as- 
sistance for those responsible for Chapter activities. 
hese conferences, held every year in mid-June, have 
proved well worth the considerable expenditure in- 
volved. 

American Foundryman 

Dissemination of technical information by AFS is 
through publications, Chapters, Conventions, talks 
by Staff and Committeemen . and through the 
Society’s magazine AMERICAN FOUNDRYMAN. This mag- 
azine is just as much a part of the Society’s technical 
services as are research, books, library, and Committee 
service. 


I may tell you that we are not satisfied with the 
acceptance of AMERICAN FOUNDRYMAN by the industry. 
Personally, I consider it a very valuable publication, 
and I am able to announce that great improvements 
are now scheduled to make it even more valuable. 
For one thing, in recognition of the great improve- 
ments made in the industry, it will henceforth be 
called MopERN CASsTINGs. 

We believe you will like the publication in its new 
style, dress and scope. As a personal favor, may I ask 
you to tell us how you like it, when the July issue 


comes out. 








Headquarters Building 

I am sure you are all familiar by now with the fact 
the Central Office is now occupying our own Head- 
quarters building in Des Plaines, Illinois. The of- 
fices were moved last October, and several hundred 
members attended the official “Open House” in No- 
vember. From an operational point of view, the mov- 
ing of our Headquarters was a major burden for our 
entire staff over a period of several months in addi- 
tion to maintaining the necessary functions of the 
Society. 

Then there was the problem of replacing certain 
personnel because of the change of location, but I 
am happy to report that the staff did a splendid job 
and the readjustment is now in hand. 

The new building has provided a splendid Library, 
something we did not have before, and I am happy 
to say is now being completely catalogued by a 
trained Staff Librarian. 

Finances 

It is usual for the President of an organization to 
say something about finances. The major problem that 
needs solution is, in my opinion, more consistent fi- 
nancing of Society activities. It is not sound business 
for AFS to walk a financial tightrope every second 
year and attempt to maintain a full scale of activities 
on revenues only two-thirds of normal. 

As businessmen, you know there are only two an- 
swers: either decreased activities to match income, or 
else income sufficient to carry on and progress a pro- 
gram of activities determined by the Board. The prob- 
lem has been present for nearly ten years, and a solu- 
tion should be found. 

Conclusion 

Under our new by-laws, newly-elected officers take 
office immediately after the Convention. Hence I shall 
presently step down and turn the gavel over to my 
successor, and I do so with mixed feelings. 

It is difficult for me to tell you how very much I 
appreciate the constant help, advice and cooperation 
given me by the Directors, the Chapters and the mem- 
bership . . . and, of course, by our hard-working Gen- 
eral Manager and his staff. As our General Manager 
can attest, all of our problems were not easy ones, 
and I might say some were very trying. By persever- 
ance, and working together, I feel we have accom- 
plished some basic things which I am hopeful will 
stand the Society in good stead for years to come. 

The experience of serving you as President has been 
rewarding in friendships, in spirit, and in the sense 
of contributing in some small measure to a great 
organization. 

Make no mistake about it, gentlemen: AFS is a 
great organization, and it deserves your wholehearted 
and continued support in full measure. Just think 
back a moment to its many contributions to your 
employees and to you personally. For nearly 60 years 
it has served this industry well, and will continue to 
do so. . . with your active support. 

In stepping down, I know you will continue to give 
your unqualified friendship and cooperation to the 
incoming President . . . BRUCE SIMPSON ... in 
the same degree as I have enjoyed it. Gentlement, / 
am deeply grateful. 








REPORT OF THE AFS TREASURER 


(For the Fiscal Year Ended June 30, 1955) 


The Auditor's Report for 1954-55, as prepared by the firm of 
George V. Rountree & Co., Chicago, certified public accountants, 
reports the following: Total Income, Actual, $525,236; Total In- 
come, Budgeted, $597,675; Total Expense, Actual, $645,852; Total 
Expense, Budgeted, $661,120. Excess Expense, Actual, $120,016. 
Excess Expense, Budgeted, $63,445. 

Both Total Income and Total Expense were greater than in any 
previous non-exhibit fiscai year . . . and Excess Expense like- 
was greater. 

General Observations 

Experience of the past fiscal year points up sharply the fact 
that the rate of activities of this Society have now reached the state 
where the following three considerations should be stated: 

(1) The Society must find additional sources of substantial in- 
come to support the present and contemplated future rate of 
activities; or 

(2) the Society must reduce its present rate of activities and 
expenses, by some formula as yet unknown, to match its present 
factual income; or 

(3) the Society must reconsider a present Board policy and 
revert to industry contributions for the support of special activi- 
ties approved by the Board. 

Possibly the answer lies in development of all three points, as 
a function of successive Finance Committees. If the rate of in- 
crease in both Income and Expense continues from 1957 to 1961 
as between 1953 and 1957, a choice between these three financial 
alternatives will have to be made. 

Income and Expense 1954-55 

The Auditor’s Report indicates that only three of the ten 
major AFS activities cam be expected to show a net income in a 
non-Exhibit year: Dues, Advertising, and Publications. The latter, 
however, has never developed as a Net Income source to date. 

The importance of each of the Seciety’s Income sources is illus- 
trated in the following table, showing the shift in Income empha- 
sis between successive 2-year periods: 


Income Sources (°%/,) 1951-1957 
1951-1953 1953-1955 1955-1957 





Actual Actual Budgeted 

Member Dues ......... 37.7% 372% 405% 
eee 31.1 30.4 29.9 
Conventions & Exhibits. 24.0 24.4 21.3 
Pumiientioms .......... 6.3 6.0 6.0 
EmvestMments .... 6.0050: 0.9 2.0 2.3 

ee 100.0% 100.0% —-: 100.0%, 





Relationship between Income and Expense per member is illus- 
trated in the following table: 














Total Total Dues 
Income Expense Income 
per Member per Member per Member 
1951-52 (Exhibit) ....... $73.24 $55.03 $21.38 
Ree 45.43 50.55 21.92 
1953-54 (Exhibit) ....... 73.04 58.46 20.00 
. .. See 47.90 58.90 24.51 





The past year under the new Dues schedule shows a pronounced 
shift in emphasis between the various classes of membership as 
Dues Income sources, as follows: 











1953-54 1954-55 

ta i ‘ %, of ‘ % of | 
Income Total Income Total 

Sustaining ......... $28,005. 121% $48,818. 18.1% — 
Company .......... 78,446. 33.9%, 97,376. 36.2% 
eee 66,711. 28.8% 66,333. 24.7%, 
Affiliate ........... 52,288. 22.6% 51,208. 19.0%, 
ee ee 5,762. 2.6% 4,987. 2.0% 
a eee ~ $231,232. 100.0% ~— $268,722. 100.0% 





Investments as of June 30, 1955 
The Auditor’s Report summarizes Income from Investments, 
showing greatest income from Industrial Bonds, followed by divi- 
dends on Common Stocks. Total Income from Investments, 
$15,549. 
Recap of investments held in Investment Agent Trust on 
June 30, 1955: 











% of Mkt. % Incr 

Total Value or 
6-30-55 Cost 6-30-55 (Decr.) 
U. S. Government ier eaaaenim nae 
NA SI 12.2%, $52,600. $51,709. (1.7) % 

Canadian Government 

ere 7.0% 30,000. 30,437. 15 % 
Industrial Bonds ..... 53.8% 231,000. 233,315. 10 % 
Common Stocks ...... 27.0% 116,141. 190,826. 64.3 % 
Tora ........100.0% $429,741. $506,287. «17.8 % 





Financial Condition as of June 30, 1955 

Ihe Society's financial condition as of June 30 is compared in 
the Auditor’s Report for the past three years, showing a decrease 
of $111,433 or 12.2% in Fund Principals from june 30, 1954 . . . 
and an increase of $121,048, or 17.8% over the 2-year period since 
June 30, 1953. 

Cash and Investments, 8-Years 
Including All AFS Funds 








Incr. 
Cash Investments Total or (Decr.) 
June 30,1955 $ 31,076.‘ $456,904. _* $487,980. _ $(203,644,) 
June 30, 1954 127,053. 564,573. 691,626. 112,945. 
June 30,1953 129,920. 448,761. 578,681. (49 527.) 
June 30, 1952 297 608. 330,600. 628,208. 215,490. 
June 30, 1952 103,913. 308,805. 412,718. 64,416. 
June 30, 1950 229,497. 118,805. 348,302. 128,712. 
June 30, 1949 85,785. 133,805. 219,590. (65,609.) 
June 30, 1948 106,394. 178,805. 285,199. - 





Conclusions 1954-55 
With the one major exception of the AFS magazine, the Society's 
income and expense performed much as budgeted. While expenses 
are under control, income from the magazine was “out of phase,” 
as previously predicted. Until “MODERN CASTINGS” obtains 
increased acceptance as now planned, the Society’s finances at the 
end of a non-Exhibit year cannot be said to be “in good shape.” 
It should be unnecessary to point out that, while Expenses are 
controllable, Income may sometimes be affected by circumstances 
and influences beyond Staff control. 
Respectfully submitted, 
Wm. W. MALONEY 
General Manager and 
Treasurer 
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Condensed Statement of Income 
and Expense 
(All Expenses Distributed to Major Activities) 
Fiscal Years July, 1953 — June 30, 1955 
INCOME 
Total Income 
Amount Per Cent 
RECUR TIMIIE on 6.5.0.0 siieis ecncsscesion $432,406.99 31.5 
CHOIR FI ons cece sccseceee 30,831.29 2.3 
Ey SI 66a BSc dec vewieweads 75,006.39 5.5 
AMERICAN FOUNDRYMAN ................. 501,717.62 36.7 
Conventions & Exhibit .................. $28,374.00 24.0 
= WU, TOI Wino. ois wc deecvecces $1,368,336.29 100.0 
a EXPENSE 
Total Expense 
Amount Per Cent 
Membership Service ........... vane eoes $ 81,477.52 6.1 
Technical & Research ................... 128 227.84 9.6 
General Publications .................... 82,575.67 6.2 
Special Publications ..................... 91,896.95 6.8 
a AMERICAN FOUNDRYMAN ................- 477,511.29 35.6 
CI II ass oi wid ss noes cecacvies 164,275.02 12.2 
ts, Conventions & Exhibit .................. 153,317.10 11.4 
ri- General Administration ...............4.. 117,640.37 8.8 
ts, Safety, Hygiene & Air Pollution Control .., 44,557.62 3.3 
on Tewas, EMPMNGE <2... ccc cc ecee $1,341 ,479.38 100.0 
7 TOTAL INCOME ............. ...-$1,368,336.29 
TOTAL EXPENSE ................. 1 ,341,479.38 
) Excess INCOME, 2 YEARS...........$ 26,856.91 
. 
/O 
To 
7 
/O 
Z 
/o 
n 
b€ 
€ 
) . 
Comparative Condensed Balance Sheets 
) : n 
| As of June 1952 to June 1955, inclusive (4 years) 
Incr. + Incr. +- 
) June 30 June 30 June 30 June 30 (Decr. —) (Decr. —) 
ASSETS 1952 1953 1954 1955 . = Over 1954 4 Years 
: ok a cas ances pee eeeee... $297,608.34 $129,920.33 $127,052.55 $ 31,075.51 $ ( 95,977.04) ($266,532.83) 
Investment Securities .............. 330,600.00 448,761.14 564,572.71 456,904.43 (107,668.28) 126,304.43 
s Ne rd a os wnsa 6 3 Anca a 32,470.00 39,667.57 37,135.44 52,322.67 15,187.23 19,852.67 
s Accounts Receivable ............ 46,376.91 37,662.98 17,266.10 36,179.42 18,913.32 (10,197.49) 
. Deferred & Prepaid Items ............ 34,378.06 12,950.68 9,925.30 11,153.74 1,228.44' »% (23,224.32) 
S Furniture & Fixtures (net) ..... 15,559.74 14,616.25 13,045.65 27,151.35 14,105.70 11,591.61 
. Land and Building .......... eran _ 24,341.01 155,260.20 277,338.88 122,078.68 277,338.88 
‘ WT, 5 5c ccancdvcwetncbiekes $756,993.05 $707.919.96 $924,257.95 $892,126.00  $( $2,131.95) $135,132.95 
e 
7 LIABILITIES 
Comm BANS nn. 5 5 goes css cee $ 13,771.93 $ 27,946.21 $ 11,803.38 $ 91,104.99 $ 79,301.61 $ 77,333.06 
eee FPO rr ee 120,446.62 - _ _ — (120,446.02) 
PII 6 6.5655 ne Kicwrcnavcgmay 622,775.10 679,973.72 912,454.57 801,021.01 (111,433.56) 178,245.91 
‘ , Ree en ee $756,993.05 $707,919.96 $924,257.95 $892,126.00 3 ( 32,131.95) $135,132.95 
Norte: Includes all Awards, Building, SkH&AP and Retirement Funds. 














REPORT OF THE AFS GENERAL MANAGER 


(Fiscal Year Ended June 30, 1955) 


This report sums up all major activities of the Society, includ- 
ing Technical activities, with some comments on problems 
affecting their present and future conduct. The report is con- 
fined to non-financial matters, finances being discussed in a 
separate report of the Treasurer. 


1. Membership 

During the past year, the Society’s membership fell off to 
10,965, a net loss of 586 or 5.1% below the total of 11,551 on 
June 30, 1954. The budget estimate for the year was based on 
retaining the previous total of 11,500, but with increased reve- 
nues under the new dues structure. The decrease indicates the 
need for continuous work of the Chapters, the Directors and 
the Staff on membership. 

A compilation of membership gains and losses for the past 
four years: 


1951-52 1952-53 1953-54 1954-55 
Members gained (all Classes) ... 2,090 1,947 1,723 1,533 
Members lost (all causes) 980 1,205 2,119 


Net Gain or (Loss) 967 518 586 
Avg. Gain or (Loss) per month 71.7 81.0 43.2 48.8 


Total on June 30 k 11,033 11,551 10,965 
Rate of Turnover 20.3% 89% 45% 53% 


Pct. of New Members 
Held (Lost) 29.5% 49.6% 30.0% (38.2%) 


In the above table it will be noted that the new member 
total was the lowest in four years as an effect of the new 
dues structure, and that for the first time in a number of years 
the membership loss exceeded members gained. In fact, 1,607 
members were dropped for non-payment of dues, and this total 
itself exceeds the number of new members added. 

The major membership problem continues to be holding 
members before they are dropped for non-payment of dues or 
reinstated afterward. The percent reinstated during the past 
year was the lowest in four years, as follows: 


1951-52 1952-53 1953-54 1954-55 
Delinquents Dropped . 1,533 1,784 2,999 
Delinquents Reinstated 968 958 1,392 
Per Cent Reinstated 549 68% 54% 1% 


Membership targets for 1955-56 have now been completed and 
sent to all Chapters with the understanding that if no protests 
were raised by August 1, the assigned targets would stand. The 
target for June 30, 1956, is again 12,000 as announced at the 
Chapter Officers Conference in June. 

Only four Chapters made their membership targets in 1954-55, 
compared with 11 the previous year, 21 in 1952-53, and 18 in 
1951-52. The Membership Chairmen of all Chapters making 
their targets receive a special certificate of recognition. 


2. Chapters 

No new Chapters of the Society were formed in 1954-55, and 
the totals as of June 30 remain: 42 regular and 14 Student 
Chapters. Of the latter, two Student Chapters are still inactive— 
at Minnesota and Northwestern. 

During the past year President Dost and Vice-President 
Simpson attended all of the Regional Conferences held. The 12th 
Annual Chapter Officers Conference was held at the Hotel 
Morrison, Chicago. June 16-17, with a total attendance of 104, 
including 77 Chapter delegates representing all 42 Chapters. 
Iwo representatives of the New England Foundrymen’s Asso- 
ciation were present. All but eight Chapters had at least two 
delegates present, and one Chapter (Birmingham) was repre- 
sented by more than two. The total included 34 Chairmen, 36 
Program Chairmen, 6 Secretaries and/or Treasurers and 1 
Director. Chairman Simpson presided, and Vice-President Ship- 
ley and 12 National Diectors were present, as compared with 
only six the previous year and four in 1953. 


3. 1955 Convention 

A total of approximately 1500 registered at the 59th Annual 
Convention of AFS in Houston, Texas, May 23-27. Total attend- 
ance is estimated at between 1,900 and 2,000, including ladies 
and guests. Registration fees again were $2.00 for members and 
$5.00 for non-members, authors and students registering gratis 
Company and Sustaining members were again given the oppor- 
tunity to register employees in advance at the member rate, and 
this privilege was extended during the Convention also. 

Advance registration cards were printed in the Society's 
magazine and not mailed separately except to Company and 
Sustaining members. We believe the practice can be continued 
and avoid extra mailing and printing costs. 

Housing in Houston brought no complaints and commenda- 
tion has been given the Texas Chapter’s very efficient housing 
bureau who operated without previous experience and did a 
magnificent job. Mrs. Jean Collier particularly was commended 
for her work in housing the Convention. The housing applica- 
tions were printed in the Society’s magazine and not mailed 
separately except to Alumni. While some did not see the applica- 
tion, which was featured on the front cover, we believe the 
practice should be continued and avoid extra printing and 
mailing costs. 

An excellent technical program was presented . . . in fact a 
program superior to its acceptance by the industry. The ten- 
dency of the industry not to attend the non-technical Con- 
ventions, which costs the Society a net averaging $25,000 every 
time held, deserves considerable study by the Board or a special 
committee thereof. Technical Director Heine and the Divisional 
Program Committees should be complimented on the program 
presented. 

In preparation for this Convention, 39 papers were preprinted 
in advance and 10 were made available first at technical ses- 
sions. Surprisingly few preprint requests were received, appar- 
ently due to the fact that the preprint list was published in 
the Society’s magazine and probably missed by many members. 
If preprints are continued, the preprint list probably should be 
mailed instead of (or in addition to) being published in the 
magazine. 

The question may also be properly raised as to whether ad- 
vance preprints of technical papers increase or decrease attend- 
ance at a non-Exhibit Convention. The consensus seems to be 
that it decreases attendance, but that opportunity to study 
papers for written or verbal discussion purposes should be 
given, at least to some unknown limited extent. The cost of 
preprints averages between $8,000 and $9,000 a year. 

Technical innovations at the Houston Convention induded 
the following which were well received: (1) A symposium on 
non-destructive testing; (2) participation of the Aircraft In- 
dustries Association; (3) cooperation of the Association of Amer- 
ican Railroads; (4) the outstanding discussion and motion pic- 
ture by Dr. Schumacher on the carbon dioxide process for 
hardening cores and molds; (5) a series of gray iron papers on 
calcium carbide injection in the ladle; and (6) the Dr. 
Schwartz Memorial Symposium by the Heat Transfer Com 
mittee. 

A highlight of the Convention was the Annual Banquet at 
the Shamrock Hotel and the guest speaker, Hugh Comer, of 
Birmingham, Ala. Attendance exceeded 500 and the guest 
speaker was almost unanimously praised. 

An innovation at Houston was the holding of daily author 
get-together breakfast sessions at which time session chairmen 
and authors were made acquainted and oriented for the day. 
The practice should be continued. 


4. Research 
AFS research projects continued during the past year included 
projects on brass and bronze, gray iron, light metal, malleable, 
sand, and steel. The steel research on hot tears was facilitated 
at Armour Research Foundation with the balance of funds 
provided by American Steel Foundries. 
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sray iron research at M.I.T. was wound up during the year 
ind no new project has been presented for approval at this 

ne. Sand research, conducted at Cornell University for many 
years, has terminated and moved to another location. The Brass 
id Bronze Division completed a literature survey at Battelle 
iemorial Institute on pressure tightness of copper-base alloys. 

In addition to the sand research at Cornell, the Sand Division 
carried On cooperative research at a number of locations in 

m foundries on scabbing tendencies of molding materials. The 
Grading, Fineness and Distribution Committee is working on a 
project with the National Industrial Sand Association. The 
Green Sand Properties Committee is working on an evaluation 
of mulling techniques. 


5. Publications 

The 1954 Transactions, vol, 62, was completed and mailed 
November 8. Printing was 2,379 copies, largest in a number 
of years, and 917 copies were shipped at the pre-publication 
price of $6.00 to members ($8.00 thereafter) and $15.00 to non- 
members. This pre-publication sale was 800 lower than the 
previous year due to the fact that Sustaining, Company and 
Honorary members now receive the volume gratis on request. 

Five separate special publications were produced during the 
fiscal year: 

Time and Motion Study for the Foundry. 

Processing Molding Sands. 

Control of Emissions from Metal Melting Operations. 

Melt Quality and Pressure Tightness of Copper-Base Alloys. 

Engineering Manual for Control of In-Plant Environment 

(Secs. 1, 2, 3). 

The Cupola and Its Operation, completed in June, was 
shipped in July 1954. The College Foundry Textbook, as 
previously announced to the Board, will be published in Sep- 
tember 1954 by the publisher, McGraw-Hill Book Co. 

At the Publications Committee meeting in June the following 
publications were recommended for priority in 1955-56: 

Cast Metals Handbook. 

Symposium on Non-Destructive Testing. 

S®H&AP Environmental Control Manual (completion) . 


6. Technical Committees 

Work of the Society’s Technical Divisions and General Inter- 
est Committees during the past year deserve the unanimous 
thanks of the membership. The Committees held scores of 
meetings in developing the Convention program, supervising 
research, writing publications, and carrying on other technical 
activities. Their work is undoubtedly the backbone of AFS as a 
Technical Society. 

No “National Committee Week” was held in 1954-55 because 
oi short time following the Convention. Such a Committee 
Week, however, is proposed for next year. 

The Technical Director conducted one Casting Clinic during 
the year, at Omaha, and others are proposed for the coming 
year. A short course on “Principles of Molding Sand Tech- 
nology” was presented to the Metropolitan Chapter by the 
Technical Director in cooperation with Messrs. C. A. Sanders 
and O. Jay Myers, and other similar courses are now planned. 
The Technical Director spoke before a large number of Chapters 
on various subjects of interest to the membership, to the 
Louisville Chapter of A.S.M., and assisted A.S.T.E. with certain 
chapters of the “Tool Engineers Handbook.” 

A full-time Librarian is now at work classifying and catalog- 
ing the AFS Library. A file of abstracts has been started and a 
number of bibliographies on foundry subjects prepared for 
gratis distribution. The main purpose of the Library is to serve 
the members and Staff, and the Librarian is now a member 
of the Special Libraries Association. 

Bibliographies have been prepared and announced in the So- 
ciety’s magazine covering the following subjects: Casting Design, 
Gating and Risering, AFS Research Projects, Non-Destructive 
Testing, Machinability of Castings, Casting Defects, Foundry 
Layouts, Shell Molding, Basic Cupola, Foundry Sand Practice, 
and Welding and Salvaging of Cast Metals. 

The Technical Department has again prepared a Speakers 
List and Film Directory for Chapter use. A new color-sound 
film on “Vertical Gating Systems” has been produced and made 
available on a rental basis of $20 per showing. In addition, 
prints of the German film on the COz Process, recaptioned in 
English, are available for similar use at $10 per showing. 
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7. Educational Activities 

Educational activities during the year were carried on under 
the directorship of A. B. Sinnett. The Apprentice Contest Com- 
mittee sponsored tontests in wood and metal patternmaking, 
and in non-ferrous, steel and gray iron molding, with a total of 
365 entries and entrance from 138 companies and 14 Chapters. 
All first prize winners received their awards in person in 
Houston. 

During the year the bookiet, “The Foundry is A GOOD 
Place to Work” was reissued in illustrated form and now is 
available to the industry. The work of the Joint Committee on 
Foundry Vocational Training has been progressing quite slowly. 
Preparation of manuals is still far distant, and the work must 
be advanced during the coming year. 


8. Safety, Hygiene & Air Pollution Control 

The work of the SsH&AP group is still largely concentrated 
on development of two essential manuals on Dust Control and 
Ventilation, and Air Pollution Control. The former now is in 
its final stage and complete publication is contemplated this fall. 
The Air Pollution manual is still many months away. The Com- 
mittee is pioneering, and the development of engineering data 
which can be expected to be useful over a number of years can 
only be developed slowly on the basis of experience. 

Financing of SsH&AP activities is now from general operating 
funds, solicitation of special funds having been abandoned after 
writing off some $1100 in uncompleted pledges as of June 30. 


9. Headquarters Building 

AFS occupied its new headquarters building on October 1, 
1954, the building being dedicated in November with an Open 
House. Some projects stiJl remain for completion. F. C. Riecks 
continues as the owner’s sole representative in charge of engi- 
neering and construction until such time as the general con- 
tractor has been completely discharged. 

Solicitation of building funds ceased over a year ago, and 
while several contributions were made voluntarily during 1954- 
55, approximately $540 in outstanding pledges was charged off 
on June 30... a remarkably small write-off from the total of 
$225,000 contributed. 


10. "MODERN CASTINGS and American Foundryman” 

As approved at the February 1955 Board meeting, a realign- 
ment of the magazine staff took place, and C. G. Fuller was 
employed as Managing Director in charge of editorial, advertis- 
ing and production. This step was taken when advertising con- 
tent of the magazine did not fully meet expectations. Certain 
plans also were completed and discussed with the members of 
the Finance Committee and developed further into the present 
“MODERN CASTINGS and American Foundryman” magazine 
with their aproval. 

The main purposes back of the various changes made are to 
(1) develop a magazine completely different from any other 
publication in the foundry field, and (2) endeavor to progress 
the Board requirement that a magazine be published to produce 
a greater net income for the Society. 

It has been proposed to the Finance Committee that budgets 
for the magazine henceforth be approved at the end of a cal- 
endar year for the following calendar year, rather than on the 
present fiscal year basis. 


11. International Congresses 

Two International Congresses were held during the Society's 
fiscal year the 1954 International at Florence, Italy, in 
September, and the 1955 International at London in June. 
American attendance at both was quite meager. At the London 
Congress, AFS was officially represented by W. R. Jaeschke of 
the Whiting Corporation, with the courtesy of and at the ex- 
pense of that company. 

The 1956 International will be held in 1956 jointly with a 
foundry exposition at Duesseldorf, Germany. 


12. Personnel 

A number of reassignments of Central Office Staff personnel 
have been made following consultation with members of we 
Finance Committee. This includes assignment of A. B. Sinnett 
as Assistant Secretary, and to continue activities of an educational 
nature. D. J. Hayes has been assigned to field membership 
work during 1955-56; W. N. Davis assigned as 1956 Exhibit 
Manager; H. J. Weber assigned as Director of Safety, Hygiene & 
Air Pollution Control; C. G. Fuller appointed Managing Direc- 
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tor of “MODERN CASTINGS,” and H. F. Scobie appointed Ed- many perplexing problems that have arisen. Particular appre- 
itor; Miss LaVerne Lahn assigned in charge of membership ciation is extended to President Dost during his term of office 
promotion, statements; and with the specific job of reducing the for his constant encouragement and energy on behalf of the 
time for processing memberships. Society, and his expenditure of time in spite of many pressing 
ia business matters. 
13. Recognition Respectfully submitted, 

The cooperation and counsel of the Board of Directors during Ws. W. MALONEY 

the past year has been helpful in the extreme, considering the General Manager 





5-Year Comparative Membership Report 
As of June 30, 1951-55, Inclusive 





June 30, 1951 June 30, 1952 


June 30, 1953 June 30, 1954 June 30, 1955 





186 191 193 191 150 
1,218 1,259 1,278 1,280 1,014 
6,836 7,574 8,471 8,916 8,718 

499 501 567 639 564 


Honorary Life Members ............2.2ce0s 71 79 84 87 88 
International Members 396 429 440 438 431 
9,206 10,033 11,033 11,551 10,965 


Sustaining Members 

Company Members .............-+++-seee0- 
Personal Members 

Junior Members 


New Members, 12 Months .............-..6- 2,316 1,850 1,947 1,723 1,533 
Resignations 319 193 265 324 273 


Delinquent Dropped 1,807 813 565 826 1,607 
Removed by Death $2 17 $2 29 24 
Net Gain (Loss) for Year 158 827 967 518 (586) 

Members in Chapters .............05. 8,534 11,504 10,917 
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AFS Membership and Distribution 


(As of June 30, 1955) 





Chapter Sustaining Company Personal Affiliate Associate Junior Honorary Total 
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Torta IN REGULAR CHAPTERS....... 
STUDENT CHAPTERS 
Massachusetts Institute of Technology... . 
Michigan State University 
Missouri School of Mines................ 
Northwestern University (Inactive) 
Ohio State University 
Oregon State College 
Pennsylvania State University 
Polytechnic Institute of Brooklyn 
Texas A. & M. College 
University of Alabama 
University of Illinois 
University of Michigan 
University of Minnesota (Inactive) 
University of Wisconsin 


77 
30 
0 
27 
TOTAL IN STUDENT CHAPTERS....... 
ToTAL IN ALL CHAPTERS........... 
Foreign 
Non-Chapter 258 
Members in Military Service 48 


dat 9 5 32: 10965 
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SUMMARY OF AFS RESEARCH PROJECTS 1954-55 


(During Fiscal Year 1954-55) 


Brass and Bronze 

Battelle Memorial Institute has completed a literature survey 
correlating melt quality with pressure tightness for copper-base 
alloys, with specific reference to 85-5-5-5 red brass. This an- 
notated bibliography, edited and critically evaluated by the 
Technical Department, is available to the castings industry under 
the title “Melt Quality and Pressure Tightness of Copper Base 
Alloys.” 

The text is a comprehensive review of work by numerous 
investigators. Causes of unsoundness are described, methods of 
gas entrapment delineated, and effects of metal-mold reaction 
and gating pointed out. Ten rules for good melting practice 
are summarized. 

A new project, assigned to the University of Michigan under 
direction of Prof. A. Flinn, Jr., concerns investigation of the re- 
lation of feeding distance, riser size and melt quality to pressure- 
tightness in 85-5-5-5 alloys. The program will attempt to isolate 
and evaluate the variables leading to leakage under pressure. 
Problem castings from industry will be submitted, sectioned and 
metallographically examined, and risering curves determined, 
similar to work on steel by other investigators. 


Steel 
(A) Investigation of hot tears in steel castings. The investi- 
gation of hot tearing in steel castings, sponsored by the Steel 
Division’s Research Committee, has been terminated as a project 
at- Armour Research Foundation. The final report entitled 
“Metallurgical Examination of Hot Tears in Steel Castings,” 
contains much useful data, and is available to the industry. 


Data obtained can be successfully used in guiding steel 
foundries in their endeavors to overcome some of the hot tearing 
problems. Conclusions reached include the following: (1) The 
core hardness appeared to be the strongest single factor in de- 
termining susceptibility to hot tearing; (2) The next strongest 
effect is caused by deoxidization practice; (3) Variation in 
chemistry within Grade B specifications did not contribute to 
hot. tearing, nor was any correlation found between pouring 
temperature and tearing. The pouring rate, likewise, is not a 
contributing factor; (4) Microstructure, as well as inclusion 
count and type, failed to give any significant information. 


The following steel foundries have participated in carrying 
out investigations in their plants, contributing data and test 
specimens, and evaluating the findings of Armour Research 
Foundation: American Steel Foundries, East Chicago, Ind.: 
Bucyrus-Erie Co., So. Milwaukee, Wis.; Burnside Steel Foundry 
Co., Chicago; Crane Co., Chicago; Harrison Steel Foundry Co., 
Attica, Ind.; Minneapolis Electric Steel Casting Co., Minneap- 
olis; National Malleable & Steel Casting Co., Melrose Park, III.; 
Sivyer Steel Co., Milwaukee. 

(B) A new investigation has begun which will center about 
the use of solid deoxidizers by injection into molten steel. Early 
trials indicate that such a subject can be of great benefit and 
general interest to the steel castings industry. Certain mechani- 
cal difficulties in injection equipment will be overcome in an 
effort to insure uniform distribution of the material and pre- 
vention of sticking in the hopper. The same group of cooperat- 
ing foundries listed above will again participate in this work. 

The following deoxidizers will be used: Silicon-titanium- 
calcium, Calcium-magnesium-silicon, Calcium-manganese-silicon, 
Calcium-silicon, Magnesium-ferrosilicon-cerium, Calcium-silicon- 
cerium. 

Each deoxidant will be tested, using the following variations 
in injection practice: Hand addition, Injection method, Ore 
added to the ladle. National Cylinder Gas Co. is cooperating in 
the design and loan of special equipment for the research work, 
and Steel City Testing Laboratories, Chicago, will do the 
metallographic and physical testing work. 


Light Metals 

The investigation of “A Study of Vertical Gating Design” has 
continued at Battelle Memorial Institute under supervision of 
the Light Metals Research Committee and in cooperation with 
Frankford Arsenal. At one of the technical sessions. during the 
1955 Convention, a new sound-color film, covering the. applica- 
tion of improved vertical gating design to actual production 
castings, had initial showing. No other single technical activity 
of the Society has created greater interest among foundrymen 
than the progress reports and films concerning both horizontal 
and vertical gating. 

The research work at Battelle has evolved a tentative design 
for an improved vertical gating system by studying the flow 
characteristics of water when poured into transparent plastic 
molds. The film clearly shows the superiority of the system 
and centers about the use of a tapered sprue and enlargement 
at the base of the sprue, a runner extension past the gate, side 
riser with the narrow web into the mold cavity proper, and 
the pop-off at the end of the runner extension. Findings were 
verified by making test castings, which were found to be radio- 
graphically sound. In addition, turbulence and entrained air 
were eliminated. 

Proposed future research deals with correlation of the prin- 
ciples of gating and best practice for locating gates on castings. 


Malleable Iron 

During the past year, a Study of the Effects of Melting Fur- 
nace Atmosphere and Melting Variables on the Properties of 
Malleable Iron at the University of Wisconsin has centered 
about the following: 

(1) Effects of grains of water vapor per cubic foot of melting 
furnace gases on malleable iron tensile properties and = an- 
nealability. 

(2) Effects of sulphur content on the tensile properties and 
annealability of malleable iron when calcium carbide or soda 
ash are used for desulphurizing. 

(3) Effects of cooling rate below the critical temperature 
range on the properties of malleable iron as related to melting 
furnace atmosphere. 

(4) Tensile property relationships and quality index of malle- 
able iron. 

(5) Effects of items 1 and 2 on the casting properties of 
malleable iron. 

(6) Role of nitrogen in malleable iron. 

(7) Effects of percentage of steel, pig iron, and sprue in the 
furnace charge when melted under a 21 per cent COs, 79 per 
cent N» furnace atmosphere. 

Results of this work are of immediate applicability to the 
practical foundryman and its extension for another year has 
been recommended. Future research will center about the 
following phases: (1) Study of the effects of flow rates of melt- 
ing furnace atmosphere upon both physical and mechanical 
properties of malleable iron when a mixed charge of pig, sprue 
and steel is used; (2) effect of different proportions of steel, sprue 
and pig iron in the charge on the properties of malleable iron; 
(3) effect of sulphur on the mechanical properties of pearlitic 
malleable; (4) consolidation of all the research work on this 
project into a monograph that can be made available to the 
industry by February 1957. 


Gray Iron 
The problem of risering gray iron castings has been under 
study at the Massachusetts Institute of Technology since Jan- 
uary 1950. During the past year, theoretical and experimental 
studies of the shrinkages of various gray irons were continued 
and the effects of carbon. silicon and other elements on shrink- 
age behavior consolidated. 
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The research program has included a study of the effects of 
mold material, gases in iron, and solidifying casting contours. 
Gases in iron were shown to cause abnormal variations in 
shrinkage, particularly oxygen, hydrogen and water vapor. One 
of the most valuable results was the development of a pycno- 
meter apparatus, which allows direct shrinkage measurements 
f solidifying iron while keeping secondary effects at a minimum. 

The work now is being terminated and the results turned 
over to industry for use and evaluation. 


Heat Transfer 

To permit industry to catch up with data developed by 
Columbia University’s heat and mass flow analyzer laboratory, 
2 moratorium has been declared on fundamental research 
dealing with heat transfer problems, for the present. At Con- 
vention time, a compilation of data evaluating research work 
was prepared in the form of a series of papers, applying prin- 
ciples to the various materials of construction that are cast, to 
be published later as a monograph. 

It now is recommended that a new project be approved for 
investigating heat transfer problems encountered in ladles. This 
work should provide results of a practical nature, information 
to be obtained on the loss of heat in molten metal while in 
ladles as affected by (a) ladle capacity, (b) ladle lining thick- 
ness, (c) holding time, (d) drying and preheating of ladle 
lining. Electric analog computer methods will again be used for 


this work. 
Sand 


(A) The investigation of Properties of Steel Foundry Sands at 
Elevated Temperatures has been concluded at Cornell Univer- 
sity with a study of the stress-strain and expansion characteris- 
tics of 18 synthetic steel foundry sand mixtures. An application 
of data to actual scabbing tendencies of castings has been made. 
It was conclusively shown that maximum temperature at which 
the expansion exceeds the allowable deformation varies for dif- 
ferent steel foundry sand mixtures. As this temperature in- 
creases, the scabbing tendency of the sand also increases. 

The investigation is being continued at Locomotive Finished 
Material Co., Atchison, Kans., subsequent to transfer of the 
AFS-owned research equipment. After recalibration of the dilato- 
meter and installation of some repair parts, a number of find- 
ings can be verified. Several test castings have been poured to 
determine the significance of the crossing point between the ex- 
pansion and deformation curves. In other words, the validity of 
the theory developed by laboratory results is to be verified by 
actual shop practice. However, many more test castings must 
be produced before the proposed theory can be accepted or 
rejected as the basis for sound practical foundry sand operation. 

Research for the coming year will consist of the following 
phases: (a) Evaluate thoroughly the scab defect theory, using 
many test castings poured in sand mixtures that have been 
developed at Cornell University; (b) establish the deformation 
expansion characteristics for several of the more widely used 
molding sands that have not been included in the Cornell 
studies. 

While the first phase of the problem is already under way, 
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the second necessitates a careful study of the reproducibility of 
some Cornell results and also the construction of a new ex- 
pansion furnace. 


(B) Physical Properties of Iron Foundry Molding Materials 
at Elevated Temperatures. The scabbing defect has been under 
investigation by Committee 8-] since 1948, with a first progress 
report at the 1949 Convention and a subsequent paper presented 
to the 1951 Convention. 

A total of 53 sands have been evaluated to date, including 
both natural and synthetic types. Thirty-six have been sub- 
mitted by iron foundries, the remainder being synthetic mix- 
tures formulated by the committee to achieve a range of sand 
properties. It is the objective of this investigation to provide the 
foundry industry with a foolproof testing method and other data 
designed to control scabbing tendencies of molding materials. 

The method of this committee’s operation is unique, since 
actual castings are produced first and the defective condition 
then plotted against sand properties, to develop a test procedure 
of sufficient sensitivity. Most of the research work has been 
carried out at the foundry laboratory of the University of Michi- 
gan, while sand samples are evaluated by a group of cooperating 
laboratories. 

AFS funds were made available to this committe for the 
first time during the current fiscal year, in order to pay for the 
expenditures incurred in procuring materials and running rou- 
tine laboratory tests. While the work has not yet been com- 
pleted, a great deal of practical information has been obtained 
and the committee proposes to continue the scabbing investiga 
tion for another year. 


Other committees are conducting research work for which no 
special funds are made available. Among these is the Mold Sur- 
face Committee, developing tests to determine metal penetration 
on dry sand cores and core washes. A paper was presented in 
1954 describing foundry research at Michigan State College, and 
the work is being continued. 

The Grading, Fineness & Distribution Committee of the Sand 
Division, in cooperation with a similar committee of the Na- 
tional Industrial Sand Association, is working on a project to 
develop testing procedures and equipment for use on sands at 


producers’ plants. This is a long range project and should result 
in the establishment of recommended practices. 


The Sand Division’s Green Sand Propérties Committee is 
working on an evaluation of mulling techniques and has found 
that marked deviations in mulling time from batch to batch 
may lead to substantial variations in physical properties of the 
sand mixtures. 


The Shell Molding Materials Testing Committee plans to in 
vestigate various test procedures to evaluate shell molding ma 
terials, in an attempt to adopt a method for testing sands and 
resins. 

The newly formed Basic Concepts Committee is studying the 
physical-chemical aspects of particles, especially particle pro- 
erties such as shapes, surface and packing characteristics. This 
group delves into difficult fundamental theories of value in the 
study of molding and core sand phenomena. 
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Minutes 


Special Meeting 1954-55 Executive Committee 
Drake Hotel, Chicago — August 9, 1954 


(1) ROLL CALL: 
President Frank J. Dost, presiding 
Vice-President B. L. Simpson 


Elected. members: 
H. G. Robertson ° 
M. A. Fladoes 
J. O. Klein 


General Manager Wm. W. Maloney 


2) A quorum having been established, President Carter 
called the special meeting to order. 


(3) The by-laws of the Society were read describing the 
method by which the Nominating Committee shall be appointed. 
Names cf candidates were presented from lists submitted by 25 
eligible Chapters, it being reported that 3 eligible Chapters had 
not submitted the names of candidates, 14 Chapters being 
ineligible under the by-laws. 


(4) In accordance with the by-laws, 5 members were ap- 
pointed by the Executive Committee to form, together with 
Past Presidents Collins L. Carter and I. R. Wagner, the 1954-55 
Nominating Committee as follows: 


Past President Collins L. Carter (1953-54), Chairman. 

Past President I. R. Wagner (1952-53). 

Robert A. Epps. Stoller Chemical Co., Akron Ohio 
(Rep. Region No. 1, Chapter Group E—Canton District 
Chapter and Supplies) 

Karl G. Presser, Asst. Dir.. Gray Iron Research Institute, 
Inc., Columbus, Ohio. (Rep. Region No. 2, Chapter 
Group G—Central Ohio Chapter and Gray Iron.) 

D. C. Zuege, Tech. Dir.. Sivyer Steel Casting Co.. Milwaukee, 
Wis. (Rep. Region No. 3, Chapter Group L—Wisconsin 
Chapter and Steel.) 

A. L. Hunt, Mgr., Industrial Sales, National Bearing Div., 
American Brake Shoe Co., St. Louis, Mo. (Rep. Region 
No. 4, Chapter Group N—St. Louis District Chapter and 
Brass and Bronze and Light Metals.) 

S. D. Russell, Pres., Phoenix Iron Works, Oakland, Calif. 
(Rep. Region No. 5. Chapter Group Q—Northern 
California Chapter and Gray Iron.) 

(5) The General Manager was instructed to notify immedi- 
ately those selected and to obtain prompt acceptance. 

There being no further business to be considered, the Execu- 
tive Committee adjourned sine die. 





Minutes 


Annual Meeting 1954-55 Board of Directors 
Drake Hotel, Chicago — August 9-10, 1954 


(1) ROLL CALL: 
President Frank J. Dost, presiding 
Vice-President Bruce L. Simpson 

Directors: 

(Terms expire 1955) (Terms expire 1956) (Terms expire 1957) 
Collins L. Carter C. E. Brust Frank C. Cech 
M. A. Fladoes E. C. Hoenicke L. H. Durdin 
W. J. Klayer Thomas Kaveny, Jr. B. G. Emmett 
J. O. Klein M. J. Lefler W. A. Morley 
A. D. Matheson C. V. Nass Harold L. Ullrich 
H. G. Robertson G. Ewing Tait 
C. B. Schneible 
J. T. Westwood, Jr. 

General Manager Wm. W. Maloney 
Absent: 
Directors: W. R. Pindell, W. M. Hamilton and 
E. R. Oeschger 
(2) A quorum having been established, President Dost called 
the Annual Meeting of the Board to order. 


(3) Reading of Minutes 


Minutes of the meeting of the Board of Directors held in 
Cleveland, May 13, 1954, were read and on motion duly made, 
seconded and carried approved with the following amendment 
thereto: Responsibilities of the Editor of AMERICAN FOUND- 
RYMAN to include editorial, advertising and production. 


(4) Report of the General Manager 


The General Manager’s report for the fiscal year ended June 
30 covered Membership, Chapters, Convention and Exhibit, 
Research, Publications, Technical Activities, Educational Ac- 
tivities, Safety & Hygiene & Air Pollution, Headquarters Build- 
ing, AMERICAN FOUNDRYMAN, International Congress and 
Administrative Activities. 

(a) Membership. The General Manager reported total Mem- 
bership of 11,551 on June 30, highest in the history of the So- 
ciety and a net gain of 4.6% over the total of 11,033 on June 30, 
1953. The year’s total did not make the budgeted 12,000, and 
all of the gains in membership were in the Personal classes. 


The General Manager stated that, at the request of the 
Chapters, a target of 12,500 members had been established for 
the year 1954-55, and that all Chapters had been notified. The 
Membership Chairmen of all Chapters making their targets in 
1953-54 received special recognition certificates. 

(b) Chapters. No new regular or Student Chapters were re- 
ported established or in formation during the fiscal year. 

The report included data on the 1954 Chapter Officers Con- 
ference held June 17-18 with an attendance of 107, including 87 
delegates from all 42 Chapters, President Dost presiding as 
Chairman. 

(c) 1954 Convention and Exhibit. The report stated that 
attendance at the 58th Annual Convention and Foundry Show in 
Cleveland, May 10-14, approximated 15,000 advance registration 
being larger than ever before. Great credit was given the North- 
eastern Ohio Chapter Convention committees for their coopera- 
tion in staging the event, and to the Ford Motor Co. at Berea, 
Ohio, for the special plant visits on the last day of the Con- 
vention. 

(d) Research. The General Manager reported that research 
projects covering Light Metals, Gray Iron, Malleable, Sand, Heat 
Transfer, Steel and Brass and Bronze were carried on during 
the year, the Brass and Bronze project covering a search of 
literature. Steel research was carried on mainly in cooperating 
foundries. The Light Metals project was supplemented by a 
grant of $15,000 from Frankford Arsenal. It was reported that 
the Sand Research at Cornell University, being discontinued, 
would be renewed at some other institution. 

A separate and more detailed report on AFS research as 
prepared by the Technical Director was presented, as well as 
recommendations of the AFS Board Research Committee, in 
meeting June 25, for an expenditure of $35,000 on AFS-sponsored 
research during 1954-55. On motion duly made, seconded and 
carried, recommendations for research expenditures were ap- 
proved. 

(e) Publications. The General Manager reported on publica- 
tions issued during the fiscal year 1953-54, including a digest of 
minutes of the meeting of the Publications Committee held 
June 24, 1954. Total sales of $39,315 for all AFS publications 
were reported during the past year, including the 1953 TRANS- 
ACTIONS and special publications. 
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Particular attention was called to the following new publica- 

ons: A Study of Vertical Gating, Index to TRANSACTIONS 
1941-1950, and The Cupola and Its Operation. Progress re- 
ports were presented on the following publications: Cast Metals 
Handbook, College Foundry Textbook, translation of German 
text in Die Casting. 

(f) Technical Committees. The report of the General Man- 
ger praised the work of the Society's Technical Committees 
and General Interest Committees during 1954 and called atten- 
tion to the first AFS “National Committee Week” held in June. 
A record Apprentice Contest during 1954 was reported, as well 
as an increase in technical inquiries and contacts made by the 
Technical Director with Chapters, Committees and other engi- 
neering societies. 

(g) Educational Activities. The General Manager reported 
that all educational activities within the staff are now under 
the direction of the Educational Director, A. B. Sinnett, who 
joined the staff on April 1, 1954. It was~siated that Mr. Sin- 
nett’s main task during the coming year would be revision of 
the book, “The Foundry is a Good Place to Work,” and de- 
velopment of training manuals through the Joint Committee 
on Foundry Vocational Training authorized during the Cleve- 
land Convention. 

The General Manager reported that effort was being made 
to develop further details of the Pangborn Grant of $50000 to 
AFS for educational purposes, development of scholarship ac- 
tivities to be carried on by the Educational Director. 

(h) S&H&AP Program. The report stated that the StH&AP 
Program was largely concentrating on two manuals, one dealing 
with air pollution control, the other with dust control and 
ventilation. The first section of the air pollution manual is now 
virtually completed, dealing with emissions from metal melting 
furnaces. 

The General Manager stated that the SXH&AP Director was 
being relieved of his regular duties temporarily for expediting 
construction for the Headquarters Building, an action taken 
with the approval of the AFS President. 

It was pointed out that the original goal of $350,000 in con- 
tributions for the SkH&AP Program had developed approxi- 
mately $75,000, and that as a result the dues of Company and 
Sustaining members had been raised to provide anual financ- 
ing. No further solicitation of special funds is contemplated. 

(j) Headquarters Building. ‘The General Manager reported 
at length on progress of the Headquarters Building, announcing 
a total of $225,103 contributed by the industry. It was stated 
that no further contributions were being sought gererally. 
Plans call for occupancy of the building by the end of 
September, 1954. 

(k) AMERICAN FOUNDRYMAN. Actions of the Board 
toward reorganization of AMERICAN FOUNRYMAN were 
reported, including the appointment of H. F. Scobie in charge 
of editorial, advertising and production; also the appointment 
of J. M. Eckert as Advertising Manager under Mr. Scobie, to 
replace Miss T. Koeller, resigned. 

The General Manager reported gross revenue of $224,000 
during 1953-54 against a budget of $240,000. Actions of the 
Board in conjunction with increasing the net income from the 
publication were reported and discussed at length. It was the 
consensus that the intended net income of $100,000 from 
AMERICAN FOUNDRYMAN would include income derived 
from membership subscriptions. 

(1) International Congress. The General Manager reported 
briefly on the 1953 International Congress in Paris attended by 
200 representatives of the American Foundry industry, including 
International President L. N. Shannon, AFS President C. L. 
Carter, four past Presidents, 9 past Directors and the AFS Gen- 
eral Manager. ° 

(m) Administrative Activities. The General Manager reported 
that the AFS by-laws were completely revised and approved by 
letter ballot of the members during 1953, including the setting 
up of 5 Regions and 18 Chapter Groups, each Region with a 
Regional Vice-President. The report also called attention to 
action of the Board increasing the dues of Company members 
to $100 and Sustaining members to $300 minimum, effective 
July 1, 1954. Income from the increased dues is intended to 
finance annually such programs as previously have been fi- 
nanced through special contributions. 

Report of the General Manager was accepted on motion duly 
made, seconded and carried. 


(5) Report of the Treasurer 


The Treasurer's report for the fiscal year ended June 30, 1954, 
showed Income of $843,733 or 8.0% over the Budget of $805,050; 
Expense was $675,228 or 2.1% over the Budget of $661,290; Ex- 
cess Income was $168,504 or 17.2% over the Budget of $143,760. 
Individual items of Income and Expense were examined in 
detail as audited by the firm of George Rountree & Co. of 
Chicago. 

Audited reports for the two years 1952-54 show AFS Income 
sources as follows: Membership Dues 35.2% of total income; 
AMERICAN FOUNDRYMAN 33.1%; Conventions & Exhibit 
24.8%; Publications 6.1%; Miscellaneous 0.8%. 

The balance Sheet showed that the Society’s financial status 
on June 30, 1954, was $242,480 better than the year previous, 
including all funds. During the year, investments were increased 
by $115,811 to a total of $564,572 on June 30, 1954. 

It being the Society’s established financial policy to build up 
a reserve equal to “average annual expense over the past four 
years,” the General Manager pointed out that the investment 
“target” thus was $554,127, but that General Fund Investments 
as of June 30, 1945 totaled $388,572, or 29.8% short of the goal. 
As of June 30, 1953, the Society was 33.6% short of its goal. 

Reports of the auditors and of the Treasurer were accepted 
on motion duly made, seconded and carried. 


6) Reports of Board Committees 
Pp 


(a) Chapter Contacts Committee. President Dost reported as 
Chairman of the Chapter Contacts Committee during 1953-54. 
He thanked the Directors for the contacts made, stressing the 
importance of the Society’s activities, particularly as concerns 
membership work. 

(b) Exhibits Committee. Minutes of the meeting of the 1954 
Exhibits Committee held June 4 were read, including the follow- 
ing recommendations concerning the 1954 Exhibit and future 
Exhibits 

That greater attention be given to staging future Exhibits in 
the various Cleveland Conventions halls, particularly the Arena, 
with consideration being given operating exhibits in all halls; 

That greater attention be given to the setting up of “island” 
booth spaces which might present a barrier to exhibits beyond 
such “islands;” 

That closer adherence to foundry show rules and regulations 
be considered, particularly relating to large overhead signs and 
the matter of fumes and exhaust facilities; 

That consideration be given the holding of fewer technical 
sessions in Exhibit years, with technical sessions concentrated 
largely in non-Exhibit years; also that the Annual Business 
Meeting be held in the afternoon if held during daytime hours, 
and that exhibits be permitted to run concurrently; 

That consideration be given to holding the Annual Lecture as 
a luncheon meeting in order to provide more exhibit hours; 
and that consideration be given to closing the Foundry Show on 
the final day not earlier than 5:00 p.m.: 

That the 1956 Foundry Show be held in Atlantic City during 
the month of May, with consideration given to opening the 
Show on a Thursday and running through the following 
Wednesday; 

That AFS prepare a questionnaire for mailing to the entire 
membership seeking a consensus of opinion on such questions 
as exhibit hours, length of show, evening hours, scheduling of 
technical session hours and frequency, etc., the form of ques- 
tionnaire to be approved by the Exhibits Committee prior to 
mailing, the results thereof to be considered as guides for future 
foundry Conventions. 

Following discussion, on motion duly made and carried, the 
Board of Directors instructed the staff to prepare the ques- 
tionnaire recommended by the Exhibits Committee. It was 
recommended that the importance of the questionnaire be 
stressed to all Chapters and that final report on the question- 
naire be prepared for an early meeting of the Board. 

(c) Finance Committee. Past President Carter, as Chairman of 
the 1953-54 Finance Committee, reported on Income and Ex- 
pense against the Budget, also appreciation of the Society's 
investments. 

(d) Housing Committee. Verbal reports on Headquarters 
Building progress were presented by Messrs. Dost, Simpson, 
Carter and the General Manager. It was stated that every 
effort was being made to complete the building for occupancy 
not later than September 30. 
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(e) National Castings Council. Brief reports on the National 
Castings Council meeting held in Cleveland, May 1954, were 
made .by Past President Carter and President Dost. 

(f) Publications Committee. A digest of minutes of the Pub- 
lications Committee held in June was discussed in detail, with 
particular reference to the request of the Publications Commit- 
tee for clarification of its responsibilities concerning AMERICAN 
FOUNDRYMAN, in view of appointment of the present Board 
Advisory Committee to the magazine. On motion duly made, 
seconded and carried, the President was authorized to appoint a 
Board Committee of three to discuss the change of AMERICAN 
FOUNDRYMAN policy with the Publications Committee and 
report back to the Board meeting in November. 

(g) SSH&AP Steering Committee Liaison. Director Hoenicke 
reported as the Board Liaison member during 1953-54, stating 
that in his opinion the committee was doing an excellent job 
and making progress in the development of essential information 
on air pollution control, dust and ventilation control, and the 
like. He recommended that some consideration be given in the 
future to elimination of a Steering Committee, the work of the 
program then to be carried on by separate committees entirely. 

(h) Board Research Committee. Director Hoenicke reported 
for the Board Research Committee meeting held in June, 
recommendations of the Committee being considered in the 
financial budget for the coming year. 


(7) Special Reports on 1953-54 Activities 

(a) Pangborn Educational Grant. The General Manager re- 
ported frequent attempts to meet with T. W. Pangborn toward 
the end of preparing deed of grant covering the donation of 
$50,000 to AFS for scholarship purposes. He stated that efforts 
were still being made to arrange such a meeting, thus far, 
unsuccessfully. 

(b) Joint Committee on Vocational Training. The General 
Manager reported formation of a Joint Committee on Vocational 
Training, following agreement of the National Castings Council 
members to participate. The primary object of the committee 
will be the preparation of manuals for the training of foundry 
workers entering the industry from vocational and high schools. 
Participating will be the Gray Iron Founders’ Society, Malleable 
Founders’ Society. Non-Ferrous Founders’ Society, Foundry Edu- 
cational Foundation, and such other organizations as may be 
directly interested. The work of the committee will be corre- 
lated by the AFS Educational Director. 

(c) New Dues Structure. The General Manager reported on 
acceptance of the new dues structure by members, particularly 
the increase in Company and Sustaining member dues effective 
July 1, 1954. He stated that two Chapters had protested the 
new dues, following announcement thereof at the 1954 Chapter 
Officers Conference. In the discussion that followed, it was 
agreed that all Chapter Officers and Directors should be noti- 
fied of the new dues and the reasons for their adoption, includ- 
ing privileges of Sustaining members. 

(d) New Chapter Possibilities. Vice-President Simpson and 
Director Kaveny reported on a special meeting held July 29 
with management of a number of Pittsburgh foundries, stating 
that a Steering Committee had been appointed at that time to 
develop an AFS Chapter in that area. On motion made, sec- 
onded and carried, the Board aproved the issuance of an 
official invitation to the Pittsburgh Foundrymen’s Association to 
consider Chapter status. 


(8) Election of AFS Staff Administrative Officer 


In executive session the incumbent Secretary-Treasurer and 
General Manager was re-elected for the fiscal year 1954-55. 


(9) Staff Salaries and Compensations 
In executive session, recommendations of the Finance Com- 
mittee for staff salaries and compensations during the fiscal 
vear 1954-55 were considered and approved. 


(10) Budget of Income and Expense 

Recommendations of the Finance Committee for budget of 
estimated Income and Expense during 1954-55 were considered 
in detail. The Committee recommended a one-year budget in- 
volving Income of $549,675 and Expense of $661,120, or Excess 
Expense of $63,445. It was pointed out that in setting a two- 
year budget in July 1953 for the period 1953-1955, the Board 
had approved Income and Expense budgets to produce an Excess 
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Income of $75,760 for the two years. The recommended budgets 
for 1954-55, in relation to the Actual for 1953-54, is intended to 
produce a two-year Excess Income of $105,100. On motion duly 
made, seconded and carried, the Income and Expense Budgets 
as recommended were approved. 


(11) Formation of Executive Committee 

In formation of the Executive Committee for 1954-55, Presi- 
dent Dost appointed a Board Nominating Committee of Vice- 
President Simpson as Chairman, with Directors Matheson and 
Lefler. The Committee then placed in nomination the names of 
Directors Robertson, Fladoes and Klein. On motion duly made, 
seconded and carried, nominations were declared closed and the 
Directors name elected to the Executive Committee. 


(12) Recommendations of Finance Committee 

(a) Investment of Unexpended Funds. President Dost, as 
Chairman of the Finance Committee, recommended the following 
disposition of approximately $150,000 in unexpended 1954 Ex- 
hibit-earned funds: $25,000 to the Investment Trust Fund, 
$65,000 to completion of the Headquarters Building, and the 
balance for anticipated Excess Expense during 1954-55 and first 
half of 1955-56. On motion duly made, seconded and carried, 
recommendations of the Finance Committee were approved. 

It was agreed that all Directors would receive a copy of the 
Harris Trust and Savings Bank declaration of investment policy, 
including information as to the cost of maintaining the trust. 

(b) Transfer of SeH&AP Funds. The General Manager 
pointed out that since the SkH&AP Program henceforth would 
be financed from annual revenue, the balance of contributed 
S&H&AP funds should be transferred to the General Fund. On 
motion duly made, seconded and carried, the transfer was ap- 
proved, with the understanding that a complete accounting of 
all contributed funds to the program would be made at the 
close of the fiscal year 1954-55 so as to show good faith to con- 
tributors. It was suggested that some pro-ration of the salary of 
thé SXH&AP Director might be made to operating expense in 
stead of SKH&AP while the Director is engaged in expediting 
the Headquarters Building. 

(c) Chapter Dues Refunds. The General Manager requested 
specific Board approval of dues refunds during 1954-55, in view 
of the increased dues of Sustaining and Company members. It 
was pointed out that several of the Chapters were fearful that 
unlimited Personal membership privileges under Sustaining 
memberships might result in severe losses to them. It was sug 
gested, to overcome this, that a Sustaining membership might 
in some cases be moved from plant to plant each year so that 
more than one Chapter would benefit. Another suggestion was 
that some plants would prefer to hold Company memberships 
even though Personal membership might be possible at mini 
mum dues. 

Following full discussion, motion was made, seconded and car- 
ried, accepting the following recommendation of the Finance 
Committee: 

THAT refunds to AFS Chapters effective July 1, 1954 be: 10% 

on Sustaining members, 15% on Company members, and 25% 

on all Personal memberships, excepting Junior memberships, 

subject to factual review at the end of the fiscal year 1954-55, 

and with the assurance that no AFS Chapter would suffer 

dollar loss on dues refunds in the fiscal year 1954-55, provid- 
ing the Chapter’s membership is maintained. 


(d) Convention Registration Fees. The General Manager re- 
quested specific approval of Convention registration fees at the 
1955 Convention. On motion made, seconded and carried, it 
was agreed that registration fees would be as in previous years: 
$2.00 for members, $5.00 for non-members, with advance regis- 
tration of Company and Sustaining member employees at mem 
ber rates, either before or during the Convention. 

(e) Membership Activities. At the request of Vice-President 
Simpson, as Chairman of the 1954-55 Chapter Contacts Com- 
mittee, all Directors were presented with information for main- 
taining their Chapter contacts during the coming year. He 
urged all Directors to make their contacts as early as possible 
and to concentrate on increased membership and acceptance of 
the new dues structure. The Secretary was requested to send all 
Directors additional copies of Chapter contact report forms. 
such reports to be considered “confidential” within the Board 
alone. It was requested that each Director also receive full in 
formation on the new dues refunds. 





\.INUTES OF BOARD MEETINGS 


(13) New Business 
a) Approval of Resolutions. The following resolutions re- 
red by banks of deposit for the withdrawal of Society funds 
{ documents were approved on motion duly made, seconded 
i carried: 


1) RESOLVED that resolutions required by the Harris 
Trust & Savings Bank of Chicago, authorizing the withdrawal 
if Society funds, are hereby approved and the Secretary au- 
horized to certify thereto. 

2) RESOLVED that checks for the withdrawal of funds 

ieposited in the name of the Society with depository banks, 

ncluding all General Checking accounts and Interest Savings 

.ccounts, and for the disposition of all securities held in the 

various funds of the Society by the Trust Department of the 

Harris Trust & Savings Bank of Chicago, shall require the 

signature of any two of the following Officers: President, 

Vice-President, Secretary-Treasurer, Chief Bookkeeper. 

3) RESOLVED that the Secretary be authorized to maintain 

. safety deposit box in the name of the Society at the Harris 

Trust & Savings Bank of Chicago for the safekeeping of Society 

decuments, and that any two of the following have authority 

to obtain access to such safety deposit box: President, Vice- 

President Secretary-Treasurer, Chief Bookkeeper. 

(4) RESOLVED that the Secretary be authorized to execute 

ill contracts for the administration of Society affairs, subject 

to specific approval by the Board of Directors. In the case of 

\FS-sponsored research projects, approval of the project by 

the Board of Directors includes authority for the Secretary to 

execute contracts for performance of such projects on a bid 
basis. 

5) RESOLVED that the Secretary be authorized to reim- 
burse traveling expenses for members of the Society in attend- 
ince at any regularly-called Board of Directors, Executive 
Committee, or Technical Committee meeting, with the follow- 
ing exceptions: No expenses shall be paid to Directors or Com- 
mittee members for attendance at meetings held during the 
week of the Annual Convention of the Society, unless spe- 
cifically authorized by the Board of Directors. When meetings 
are held in conjunction with other committees or associations, 
the Secretary is authorized to determine what portion of the 
expense of such attendance shall be paid by the Society. 

(6) RESOLVED that the Secretary be authorized to negotiate 

the compensations of necessary Staff employees below $6000 

per year, and that Finance Committee approval be required 
on all compensations of $6000 per year or more. 

(7) RESOLVED that Indemnity Bonds be maintained cover- 

ing responsible financial officers of the Society as follows: (1) 

Blanket Position Indemnity Bond covering all staff members 

in the amount of $5000; (2) additional Indemnity Bonds in 

the amount of $15,000 each covering the Bookkeeping Staff; 

(3) additional Indemnity Bonds in the amount of $45,000 

each covering the Secretary-Treasurer and Chief Bookkeeper; 

(4) additional Indemnity Bonds in the amount of $20,000 

each covering the President and Vice-President of the Society. 

All premiums for such Indemnity Bonds to be paid by the 

Society. 

(b) Student Member Dues. The General Manager pointed out 
that a change in the method of handling Student Chapter dues 
was in order, recommending that all Student Chapter members 
he required to pay dues of $4.00 per year to the Central Office, 
the entire amount to be refunded to the Student Chapter. 
Recommendation approved on motion duly made, seconded and 
carried, with the request that the Directors be notified. 


(c) Attendance at Chapter Officers Conference and Board 
Orientation. President Dost expressed concern over the attend- 
ance of Directors at the Chapter Officers Conference, pointing 
out that the value of this meeting, especially to new Directors, 
is such as to require attendance in order to develop closer con- 
tact with Chapter officers during the following fiscal year. Mo- 
tion was duly made, seconded and carried, recommending that 
all Directors be required to attend the Chapter Officers Con- 
ference at least once during their terms of office. It was also 
the consensus that each new Director should receive from the 
President of AFS a letter indicating obligation to attend meet- 
ings of the Board, the National Convention, the Chapter Of- 
ficers Conference, and the Board Orientation session. 

Motion was made, seconded and carried that all new Directors 
henceforth be required to attend the Board Orientation session 
and Chapter Officers Conference during their first term of office. 
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It was the consensus that the Regional Vice-Presidents of the 
Society should also make definite plans to attend the Chapter 
Officers Conference each year while serving in that capacity. 


(d) Board Committees 1954-55. At the President's request 
the Board approved appointment of the following Board Com- 
mittees for 1954-55, as authorized by the by-laws: 


Executive Committee 
Frank J. Dost, Chairman 
B. L. Simpson 
Collins L. Carter 


H. Gordon Robertson 
M. A. Fladoes 
J. O. Klein 


Finance Committee 
F. J. Dost, Chairman 
Cc. L. Carter 
B. L. Simpson 
Wm. W. Maloney 

Regional Vice-Presidents 
H. G. Robertson (Region No. 1) 
E. C. Hoenicke (Region No. 2) 
M. A. Fladoes (Region No. 3) 
J. O. Klein (Region No. 4) 
B. G. Emmett (Region No. 5) 


Nominating Committee 
C. L. Carter, Chairman 
I. R. Wagner 
R. A. Epps 
K. G. Presser 


Board of Awards 

S. V. Wood, Chairman 

E. W. Horlebein 

W. B. Wallis 

Walton L. Woody 
Housing Committee (Action Sub-Committee) 

R. J. Teetor, Chairman H. S. Simpson 

G. H. Clamer W. B. Wallis 

F. C. Riecks Walton L. Woody 


Chapter Contacts Committee 
B. L. Simpson, Chairman 
(All AFS Directors serving as members of the Com 
mittee.) 
Technical Council 
Manley E. Brooks, Chairman 
B. L. Simpson, Vice-Chairman 
(Plus all Chairmen and Vice-Chairmen of Divisions and 
General Interest Committees.) 
Publications Committee 
W.D. McMillan, Chairman C. E. Nelson 
S. C. Massari M. J. Lefler 
G. K. Eggleston C. A. Sanders 
C. B. Jenni 
Annual Lecture Committee 
R. F. Thomson, Chairman 
C. F. Joseph 
G. P. Halliwell 
Board Research Committee 
E. C. Hoenicke, Chairman 
G. Ewing Tait 
Collins L. Carter 
W. J. Klayer 
American Foundryman Advisory Committee 
M. J. Lefler, Chairman Thos. Kaveny, Jr. 
E. C. Hoenicke L. H. Durdin 
W. J. Klayer Cc. E. Brust 
C. V. Nass 
National Castings Council Representatives 
F. J. Dost 
B. L. Simpson 
Foundry Educational Foundation Trustees 
C. V. Nass (1954-55) 
W. A. Morley (1954-56) 
Board Liaison to Educational Division 
F. C. Cech 
Board Liaison to S&kH&AP Steering Committee 
A. D. Matheson 
C. B. Schneible 
International Committee Delegates 
H. W. Dietert 
Vincent Delport 
Wm. W. Maloney 


S. D. Russell 
A. L. Hunt 
D. C. Zuege 


W. L. Seelbach 
I. R. Wagner 
Collins L. Carter 


G. A. Lillieqvist 
S. C. Massari 
W. E. Sicha 


H. L. Ullrich 
E. R. Oeschger 
W. M. Hamilton 
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(e) Representatives to National Castings Council. On motion 
made, seconded and carried, President Dost and Vice-President 
Simpson were declared the official representatives of the Society 
to the National Castings Council. 


(f) 1956 Convention and Exhibit City. Recommendation of 
the 1954 Exhibits Committee that the 1956 Convention and Ex- 
hibit be held in Atlantic City was considered and discussed. On 
motion made, seconded and carried, the Board of Directors 
accepted the recommendation, for a Foundry Show running 
from Thursday through the following Wednesday, with no ses- 
sions or exhibits on the intervening Sunday. It was agreed that 
the approved questionnaire to the membership should be used 
as a guide for future years beyond 1956, but should not affect 
the Board’s decision for location of the 1956 Convention and 
Exhibit. 

It was pointed out that the Technical Council had recom- 
mended holding breakfast orientation sessions for authors and 
session chairmen at the 1955 Convention, each day, at AFS 
expense. On motion duly made. seconded and carried, the 
recommendation was approved. 

(g) Regional Administrative Meetings. Past President Carter 
reminded the Board of the purpose of the Regional Adminis- 
trative Meetings, intended for Regional Vice-Presidents and all 
National Directors within each Region, with the Chapter Chair- 
man of each Region invited to attend. It was agreed that during 
1954-55 the Society would invite Chapter Chairmen to attend 
such meetings, at their own or Chapter expense. It was the 
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consensus that Chapter membership expiration dates might be 
revised in terms of Regions and Chapter Groups. 

It was requested that the General Manager prepare a map 
of AFS Regions and Groups for promotion to the Chapters so 
as to increase the understanding of Regional Vice-Presidents as 
official representatives of the Society within each Region, and 
particularly at the Regional Conferences. It was agreed that the 
General Manager should develop a uniform agenda for the 
proposed Regional Administrative meetings from which the 
Regional Vice-Presidents might elect those items considered 
advisable for discussion. It was also agreed that the development 
of Chapter contacts work would be carried on through the 
regional organization. 

(j) Headquarters Building Completion. The General Man- 
ager pointed out that certain items of expense, not previously 
considered, would be incurred in completion of the headquar- 
ters building; that the $275,000 originally approved by the Board 
included the following: land, $24,000; architect fees, $12,000; 
general contract, $236,000; total $272,000: 

An estimated cost for completion of the building was pre- 
sented involving total expenditure to $291,000 maximum. On 
motion made, seconded and carried, the recommended expendi- 
tures were approved. 

There being no further business to be considered, the Board 
of Directors adjourned until November 18. 


Approved: 
Frank J. Dost, President 





Minutes 


Fall Meeting 1954-55 AFS Board of Directors 
Edgewater Beach Hotel, Chicago — November 18-19, 1954 


(1) ROLL CALL: 
President Frank J. Dost, presiding 
Vice-President Bruce L. Simpson 
General Manager Wm. W. Maloney 

Directors: 

(Terms expire 1955) (Terms expire 1956) (Terms expire 1957) 
Collins L. Carter Chas. E. Brust Frank C. Cech 
Walter J. Klayer Edw. C. Hoenicke Lewis H. Durdin 
Jack O. Klein Thomas Kaveny, Jr. B. George Emmett 
Alex D. Matheson Martin J. Lefler 
H. Gordon Robertson Chester V. Nass 
Claude B. Schneible Wm. R. Pindell 
Jos. T. Westwood, Jr. 


Wm. A. Morley 


Harold L. Ullrich 


Absent: 
Directors: Martin A. Fladoes (exp. 1955) , and 
G. Ewing Tait (exp. 1956). 


(2) A quorum having been established, President Dost called 
the meeting to order. 


(3) Reading of Minutes 
Minutes of the Annual Meeting of the Board, held August 
9-10, 1954, were reviewed in brief, having already been approved 
by letter ballot of the Board. 


(4) Report of the General Manager 

The General Manager reported membership of 11,447 on 
October 31, a net loss of 104 from the total of 11,551 on June 30. 
This compares with a net gain of 32 for the same fow 
months in 1953, and a net gain of 357 for the same period 
in 1952. The report included progress in obtaining acceptance 
of the new Company and Sustaining membership rates. 

The General Manager reported that the staff was concen- 
trating on the development of the 1955 Convention program, 
development of several new special publications, progress in 
AFS research projects as authorized, and a new activity . . . the 
holding of Castings Clinics developed and staged by the AFS 
Technical Director. The first of these Clinics held in Omaha 
for the Corn Belt Chapter on November 12 proved highly ac- 
ceptable. In the field of special publications, greatest concentra- 
tion is being given the “Cast Metals Handbook” and “College 
Foundry Textbook.” 


Wm. M. Hamilton 


Eugene R. Oeschger 





The General Manager reported briefly on Safety, Hygiene 
and Air Pollution Control activities, including completion of 
several sections of the Air Pollution Manual and the Dust Con- 
trol and Ventilation Manual. At the same time the General 
Manager recommended employment of additional staff assistance 
for at least a limited period of time to advance work on the 
manuals, 

The report included progress on completion of the Head- 
quarters Building and the holding of an official Open House 
on November 18. 

On motion made, seconded and carried, the report of the 
General Manager was accepted. 


(5) Report of the Treasurer 

Financial statements presented by the General Manager 
showed, as of October 31, 1954; Income of $134,628 compared 
with forecast of $152,912; Expense of $192,758 compared with 
forecast of $200,876. The forecasted deficit for the four-month 
period was $47,964, actual deficit $58,129. The balance sheet 
showed $79,710 cash on hand, resulting from cashing $50,000 in 
short term matured securities and $22,400 transferred from 
S&H&AP funds. Investments on October 31 totalled $416,913 
(at cost) in the agency trust account, with an additional 
$25,000 held in 90-day securities for cash purposes as needed. 
Total investments in General Fund $441,913, compared with 
$388,572 on June 30 and one year ago. 

On motion duly made, seconded and carried. the Report of 
the Treasurer was accepted. 


(6) Report on Chapter Contacts 

Vice-President Simpson, as Chairman of the Chapter Con- 
tacts Committee, urged early Chapter visits or scheduling of 
visits by all Directors, and emphasized the point that Chapter 
contact reports should be the responsibility of the Regional 
Vice-Presidents. 

It was requested that each Regional Vice-President should 
receive monthly a membership report on Chapters in their 
areas, showing delinquent renewals, etc. 


(7) Report of Board Research Committee 
Chairman Hoenicke referred to the report of technical ac- 
tivities dealing with research projects. The Committee recom- 
mended approval of an expenditure of $8,000 for continuation 
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of research on “Properties of Steel Foundry Sands at Elevated 
mperatures,” under Committee 8-L; also the expenditure of 
<2.000 for work by Committee 8-J on “Physical Properties of 
yn Foundry Molding Materials at Elevated Temperatures.” 
It was announced that work on the risering of gray iron 
stings at M.I.T. would be concluded in November; that a 
w research project of the Brass and Bronze Division covering 
literature survey by Battelle Memorial Institute on the re- 
tionship of melt quality to pressure tightness of copper-base 
loys was not yet in shape for recommendations; that a second 
search project of the Steel Division on “flushing of steel with 
ses” was about to begin; and that a new «lored sound film 
n the “Study of the Principles of Vertical Gating,” conducted 
it Battelle, was assured for the 1955 Convention. 


(8) Report on the National Castings Council Meeting 

Director Kaveny, as President of N.C.C. referred to an article 
n BUSINESS WEEK magazine detrimental to the foundry in- 
dustry and stated that steps should be taken to correct the 
nformation presented therein. The General Manager presented 
a written rebuttal which, with the consensus of the Board, it 
was agreed would be referred to the foundry trade associations 
at the National Castings Council meeting in December. 


(9} Report on Liaison to S&H&AP Steering Committee 

Director Schneible reported favorably on the work of the Air 
Pollution Committee, and the General Manager on the work of 
the Dust Control and Ventilation Committee, toward advance- 
ment of the two manuals dealing with these subjects. The 
latter then recommended employment of H. J. Weber as an 
assistant to the SkH&AP Control program for at least the 
balance of the current fiscal year, with the specific duty of 
advancing the manuals undertaken for the SXH&AP Control 
program. On motion duly made, seconded and carried, recom- 
mendation was approved. 

It was recommended that the AFS staff should carefully 
observe ‘safety conditions in all photographs published in 
AMERICAN FOUNDRYMAN and technical literature. It was 
suggested that AFS should devote more effort to convincing 
various foundries of the desirability of improving working con- 
ditions. It was also suggested that the Advertising Department 
of AMERICAN FOUNDRYMAN be advised of points to avoid 
in acceptance of photographs used in advertisements. 


(10) Report on Liaison to Educational Division 
Director Cech reported on activities of the Division, including 
completion of a college foundry textbook, future development 
of a trade school textbook, revision of the Patternmaker’s 
Manual, a proposed metal pattern manual, and, for the future, 
development of «a patternmaking textbook. 


(11) Report of F.E.F. Trustees 

Directors Nass and Kaveny reported on activities of F.EF., 
including fall meetings and industrial support of the Founda- 
tion. Director Morley emphasized the continuing importance of 
F.E.F. activities, both direct and indirect, to the foundry 
industry. 

(12) Report of “American Foundryman" 
Advisory Committee 

Chairman Lefler reported on a meeting of the Committee 
held November 17, stating that the group had carried on board 
discussions concerning the future of AMERICAN FOUNDRY- 
MAN. The Committee recommended that the editorialized 
page, “Talk of the Industry,” henceforth bear the signature of 
the Editor. 

A discussion on financial goals of the magazine and time 
element for attaining same developed the consensus that the 
General Manager be authorized to conduct a survey as to the 
magazine’s potentialities, both as to feasible net income and a 
time for attaining it. 

Among comments made by the Directors were the following: 
There is a need to increase readers among foundry manage- 
ment; that the magazine concentrated too much on metallurgical 
phases and too little on equipment development; that more 
articles should be included with an appeal to top foundry man- 
agement; that foundry superintendents should be classified for 
circulation purposes under “administrative” rather than under 
“production control.” It was the consensus that recommenda- 
tions of the staff concerning further development of AMERICAN 
FOUNDRYMAN and the cost thereof, should be presented at 
the spring meeting of the Board of Directors. 


XXVii 






(13) Report on Chapter Possibilities 

Director Kaveny reported on developments toward establish- 
ment of an AFS Chapter in Pittsburgh in conjunction with the 
Pittsburgh Foundrymen’s Association, stating that the steering 
committee was awaiting further developments on the part of the 
local foundry group. 

Vice-President Simpson reported on personal contacts with the 
New England Foundrymen’s Association and Connecticut Found- 
rymen’s Association toward Chapter possibilities. He stated that 
further conversations were being held, with developments still 
in abeyance. 


(14) Pangborn Scholarship Grant 


The General Manager reported his inability to have con- 
cluded arrangements with T. W. Pangborn for a meeting at 
Hagerstown, Md., after several attempts. It was agreed that the 
program could not be advanced until Deeds of Grant were 
drawn up in accordance with the desires and suggestions of Mr. 
Pangborn. 

(15) Open House and Special Dinner 

The Genera! Manager outlined the Open House scheduled 
for the afternoon of November 18 and the special recognition 
dinner that same evening. On motion duly made, seconded and 
carried, the Board expressed commendation to the Central 
Office Staff for the Open House preparations and conduct. 


(16) Approval of Research Expense 

On motion duly made, seconded and carried, recommendation 
of the Board Research Committee for an expenditure of $8,000 
by Sand Division Committee 8-L was approved for the 1954-55 
budget, with the amount of expenditure pro-rated to the end 
of the current fiscal year. 

Recommendation of the Board Research Committee for the 
expenditure of $2,000 during 1954-55 for the Sand Divisien Com- 
mittee 8-J was approved. 


(17) Discussion on “Analysis of Casting Defects" Book 

The President stated that several communications had been 
received objecting to AFS publication of a revised edition of the 
“Analysis of Casting Defects” book, first published in 1947. The 
background of the book was presented by the General Manager, 
including approval by the Publications Committee of the in- 
tended revision to cover all cast metals. 

It was the consensus that the President, Vice-President, Gen- 
eral Manager and Technical Director should meet at an early 
date with officials of the Steel Founders’ Society to discuss that 
organization’s protest concerning the coverage of steel castings 
in the proposed revised edition, and the President was re- 
quested to report back to the Board meeting in February on 
developments. 

Concerning continuing work of the revision committee, on 
motion made, seconded and carried, the Board agreed that the 
committee should continue to work on the revision in view of 
the fact that the previous beok contained information essential 
to foundry operators. 


(18) Resolution for Change of Address 
The General Manager stated adoption of resolution for change 
of address was necessary in order to accomplish official change 
of address under the Society's articles of incorporation in the 
State of Illinois. Accordingly, on motion duly made, seconded, 
and carried, the following resclution was approved: 


RESOLVED that the registered office of the Corporation be 
and it is hereby changed to Golf and Wolf Roads, Des Plaines, 
Illinois, and the Registered Agent of the Corporation is 
changed to William W. Maloney, General Manager. 


(19) Resolution on Death of Walton L. Woody 
The Board expressed its deep sorrow over the untimely 
death of Past-President Walton L. Woody and instructed the 
General Manager to prepare and spread upon the minutes an 
appropriate resolution of the Board, copy of same to be pre- 
sented to Mrs. Woody. 


(20) Report on 1954 International Congress 
Director Nass reported briefly as the official AFS representa- 
tive to the International Foundry Congress in Milan. Italy, held 
in September 1954. 
There being no further business to be considered, the meeting 
was declared adjourned. 


Approved: 
FRANK J. Dost, President 
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Minutes 





Meeting of the 1954-55 Nominating Committee 
Union League Club, Chicago — December 9, 1954 


(1) ROLL CALL: 


Presiding, Collins L. Carter, Chairman, as the immediate 
Past-President of AFS. 


I. R. Wagner, Past-President of AFS. 

Robert A. Epps (Rep. Region No. !, Chapter Group E — 
Canton District Chapter and Supplies) . 

Karl G. Presser (Rep. Region No. 2, Chapter Group G — 
Central Ohio Chapter and Gray Iron). 

D. C. Zuege (Rep. Region No. 3, Chapter Group L — Wis- 
consin Chapter and Steel) . 

A. L. Hunt (Rep. Region No. 4, Chapter Group N — St. 
Louis District Chapter and Brass & Bronze and Light 
Metals) . 

S. D. Russell (Rep. Region No. 5, Chapter Group Q— 
Northern California Chapter and Gray Iron) . 


(2) Nomination of President 


On motion duly made, seconded and unanimously carried, 
the incumbent AFS Vice-President, Bruce L. Simpson, was 
nominated as President of the Society for the year 1955-56. 


(3) Nomination of Vice-President 


Following submission of names of candidates and on motion 
duly made, seconded and unanimously carried, Frank W. Shipley. 
Foundry Mgr., Caterpillar Tractor Co., Peoria, Ill., was nom- 
inated as Vice-President of the Society for the year 1955-56. 


(4) Nomination of Directors 


By-Laws of the Society were read as relating to organization 
of the Board of Directors and Nominating Committee proced- 
ures. The Chairman pointed out. that the Nominating Com- 
mittee was expected to name six National Directors, each for 
terms of three years. 

Following submission of the names of all available candidates, 
including candidates submitted by the Chapters, the Com- 
mittee nominated the following Directors to serve terms of 
office as indicated and representing the Chapter Groups and In 
dustrial interests as follows: 


(Three-year terms 1955-1958) 
Chapter Group G — Central Ohio Chapter 
C. W. Gilchrist, Foundry Supt., Cooper-Bessemer Corp., Mt. 
Vernon, Ohio — representing Gray Iron. 
Chapter Group I — Saginaw Valley Chapter 
Chas. E. Nelson, Technical Dir., Magnesium Div., Dow Chem 
ical Co., Midland, Mich. — representing Light Metals. 
Chapter Group L — Twin City Chapter 
O. Jay Myers, Technical Dir., Foundry Products Div., Archer- 
Daniels-Midland Co., Minneapolis, Minn — representing Sup- 
plies. 
Chapter Group M — Northern IIl.-Southern Wis. Chapter 
Richard A. Oster, Director, Beloit Vocational & Adult School. 
Beloit, Wis. — representing Education. 
Chapter Group N — Timberline Chapter 
C. C. Drake, Plant Supt., Griffin Wheel Co., Denver, Colo. 
representing Gray Iron. 
Chapter Group P — Tri-State Chapter 
R. W. Trimble, Foundry Supt., Bethlehem Supply Co., Tulsa 
Okla. — representing Gray Iron. 
(5) It was agreed that the Secretary of the Society would 
notify all nominees by wire for prompt acceptance, the Vice 
Presidential nominee having accepted previously by telephone. 


(6) General 


It was stated that all names of candidates as submitted by 
members of the Nominating Committee and the Chapters, not 
acted upon by the Nominating Committee, would be referred 
to the Board of Directors for consideration in the appointment. 
under the By-Laws, of one additional National Director. 

(7) It was pointed out by the Chairman that additional 
nominations may be received, under the By-Laws, by written 
petition signed by 200 members in good standing, and that such 
petition may be received at any time 45 days prior to the date 
of the Annual Business Meeting to be held in Houston, Texas. 
May 25, 1955. The Chairman also stated that newly-elected Of 
ficers and Directors, as prescribed in the By-Laws, take office 
on the day following close of Annual Meeting of the Society. 

There being no further business to be considered, the 
meeting was declared adjourned. 

Approved: 
Couns L. Carter, Chairman 





Minutes 


Meeting of the 1954-55 AFS Board of Awards 
Union League Club, Chicago -— December 10, 1954 


(1) ROLL CALL. 

Past-President Fred ]. Walls (1945-46) , presiding 
Past-President W. B. Wallis (1948-49) 
Past-President Walter L. Seelbach (1951-52) 
Past-President I. R. Wagner (1952-53) 
Past-President C. L. Carter (1953-54) 

Wm. W. Malonev, Board of Awards Secretary 

Absent: 

Past-President S. V. Wood (1946-47) 
Past-President E. W. Horlebein . (1949-50) 

(2) The Secretary was directed to prepare appropriate reso 
lutions concerning the deaths of Past-President L. L. Anthes 
(1908-09) and Walton L. Woody (1950-51), such resolutions to 
be spread upon the minutes of the Board of Awards meeting. 

The Secretary was instructed to extend to absentee Past- 
President S. V. Wood (1946-47) and E. W. Horlebein (1949-50) 
the regrets of the Board of Awards over their illnesses and the 
hope that they might be present in future years. 


(3) Simpson Medal 


the Board of Awards considered the matter of the Peter L. 
Simpson Medal, calling attention to recommendation of Decem- 
ber 1953 that, if possible, all Gold Medal Awards of the Society 
he on a basis of uniformity as to frequency of award. The Sec- 
retary agreed to develop the matter through the AFS Board of 
Directors. In consequence, the Board of Awards, on motion 
made, seconded and carried, voted to bestow the Simpson 
Medal annually until such time as the matter of award fre 
quency might be further developed. 


(4) Number of Medals and Life Memberships 


On motion duly made, seconded and carried, the Board of 
Awards voted to bestow three Gold Medals of the Society and 
Mhree Honorary Life Memberships (including the retiring 
President) in 1955. 
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(5) Selection of Gold Medalists 


(he meeting being open for receipt of recommendations, 
e Secretary first presented a list of candidates for awards as 
bmitted by the AFS Divisions and individual members in 1954 
d previous years. Members of the Board of Awards then 
esented additional recommendations. After full discussion the 
lowing motions were made, seconded and carried, recom- 
iending to the Board of Directors the awarding of Gold 
fedals of the Society in 1955: 

(a) To John B. Caine (Consultant. Wyoming, Ohio) the 
John H. Whiting Gold Medal of AFS “For outstanding 
contributions to the Society and the industry, particularly 
in the field of foundry sand research and applications.” 

(b) To John E. Rehder (Dir. of Technology & Research, 
Canada Iron Foundries, Ltd., Montreal, Quebec) the 
Peter L. Simpson Gold Medal of AFS “For outstanding 
contributions to the Society and to foundry knowledge 
of cast metals.” 

(c) To Robert F. Thomson (Head of Metallurgy Dept., Re- 
search Laboratories Div., General Motors Corp., Detroit, 
Mich.) the John A. Penton Gold Medal of AFS “For 
outstanding contributions to the Society and the industry 
in foundry research, particularly in the field of light 
metals.” 

On motion duly made, seconded and carried, nominations 
for Gold Medal awards for 1955 were closed. 


(6) Selection of Honorary Life Memberships 
Following discussion, motion was duly made, seconded and 
carried, recommending that Honorary Life Memberships be 
iwarded in 1955 as follows: 

(a) To Albert F. Pfeiffer (Pattern & Fdy. Div., Allis 
Chalmers Mfg. Co., Milwaukee, Wis.) Honorary Life 
Membership in AFS “For contributions to the Society, 
its Chapters, and the industry over many years for 
better understanding of patterns and their importance 
in foundry work.” 

(b) To Frank C. Riecks (Technical Asst. to Mgr. of Found- 
ries, Ford Motor Co., Dearborn, Mich.) , Honorary Life 
Membership in AFS “For outstanding contributions to 
the Society and the industry and in the design and 
construction of the new AFS Headquarters Building.” 

(c) To Frank J. Dost (President, Sterling Foundry Co., Wel- 
lington, Ohio), Honorary Life Membership in AFS on 
completion of his present term of office as President of 
the American Foundrymen’s Society. 

On motion duly made, seconded and carried, nominations on 
Honorary Life Memberships were closed. 


(7) Finances 
With some $3000 in cash available as earned interest to 
cover the cost of Medal awards, the Board of Awards recom- 


XXix 





mended to the Board of Directors that $2000 of such available 
cash be invested promptly in accordance with the financial 
policy of the Society. 

It was the consensus that interest available for Medal awards 
should be kept separate from interest earned on the Obermayer 
Fund, and such separation be shown in future agenda of the 
Board of Awards. 


(8) General Considerations 

It was agreed that the Obermayer Fund and interest earned 
thereon would be made available to the Educational Division 
of the Society, in accordance with a 1953 recommendation of 
the Board of Awards. 

It was agreed that the present Awards Manual would be 
rewritten by the Secretary for approval by the Board of 
Awards prior to the 1955 meeting. 

It was agreed that the call for nominations of candidates 
to be considered by the Board of Awards would go in 1955 
to the Board of Awards, the Board of Directors, the Chairmen 
and Vice-Chairmen of AFS Divisions and General Interest 
Committees, plus publicity in AMERICAN FOUNDRYMAN. 

The Board of Awards agreed that medals and life member- 
ship again should be presented at the Annual Banquet of the 
Society during the 1955 Convention, with histories of all 
recipients printed in the Banquet program, each recipient to 
receive a leather bound copy of the program. 

It was agreed that F. J. Walls, as Chairman of the 1954-55 
Board of Awards, would make all presentations briefly at 
the 1955 Convention. 


(9) Notifications 

It was agreed that recipients of all awards for 1955 would 
be notified over the signature of the Chairman of the Board 
of Awards, with no publicity of any kind given to the recom- 
mendations of the Board of Awards until after prior release 
by the Society following letter ballot approval by the Board 
of Directors. It was agreed that the Secretary would obtain 
prompt action by the Board of Directors for such approval. 


(10) Organization 

In the interest of organizing annually the Board of Awards, 
it was pointed out that under the By-Laws the Board of 
Awards “shall consist of the last seven living Past-Presidents 
of the Society available and willing to serve.” To avoid possible 
late reorganization, it was the consensus that the Board of 
Awards would be organized annually as of November | in 
accordance with the By-Laws, and that no substitutions would 
be made after that date. 

There being no further business to be considered the meeting 
of the Board of Awards was declared adjourned. 


Approved: 
Frep J. WALLS, Chairman 





Minutes 


1954-55 AFS Board of Directors 
Sea Island, Georgia — February 14-15, 1955 


(1) ROLL CALL: 
President Frank J. Dost, presiding 
Vice-President Bruce L. Simpson 
General Manager Wm. W. Maloney 
Vice-President-elect Frank W. Shipley 
Directors: 
(Terms expire 1955) (Terms expire 1956) (Terms expire 1957) 
Collins L. Carter Edw. C. Hoenicke Frank C. Cech 
Walter J. Klayer Thomas Kaveny, Jr. Lewis H. Durdin 
Jack O. Klein Martin }. Lefles Wm. M. Hamilton 
Alex D. Matheson Chester V. Nass Wm. A. Morley 
H. Gordon Robertson G. Ewing Tait Harold L. Ullrich 
Claude B. Schneible 
Jos. T. Westwood, Jr. 





Absent: 
Directors: Martin A. Fladoes (exp. 1955) 
Chas, E. Brust (exp. 1956) 
Wm. R. Pindell (exp. 1956) 
B. George Emmett (exp. 1957) 
Eugene R. Oeschger (exp. 1957) 


(2) A quorum having been established, President Dost called 


the meeting of the Board of Directors to order. 


(3) Reading and Approval of Minutes 


Minutes of the Board of Directors meeting held November 


18-19, 1954, in Chicago, were briefed for the information of 
the Board, having previously been approved by letter ballot. 











(4) Report of the General Manager 

The General Manager’s report included highlights on Mem- 
bership, Chapter, 1955 Convention, Research, Publications, vari- 
ous Technical activities, Education program, Safety Hygiene 
& Air Pollution Control Program, Headquarters Building oper- 
ation, and Administration. 

The report was accepted on motion duly made, seconded 
and carried. 


(5) Report of the Treasurer 

The Treasurer’s report included the following highlights on 
Society finances as of January 31, 1955: Income $255,016 for 
the first 7 months, compared with forecasted $281,762; Expense 
$350,957, compared with forecast of $359,480; Excess Expense 
for 7 months $95,940, compared with forecast of $77,718. 

Cash on hand (and in short term investments) $68,206. In- 
vestments (Investment Agency Trust) $422,602. Investment re- 
port as of December 31 showed the following percentages of 
securities held: 18.8% U.S. and Canadian Government bonds, 
$80,381.75; 53.9% Industrial Bonds, $231,100.00; 27.3% Industrial 
Stocks (common) , $166,226.25. 

Report of the Treasurer was accepted on motion duly 
made, seconded and carried. 


(6) Report on 1955 Convention 
The General Manager reported briefly on the 1955 Con 
vention at Houston, calling attention to items of general in- 
terest to the Board. At the request of Vice-President Simpson, 
it was agreed that the Board luncheon on May 26 would be 
followed by a meeting of the Board, agenda to be prepared 
at a later date. 


(7) Report on Technical Activities 

A report on technical activities was presented by the General 
Manager, giving highlights on the 1955 Convention Technical 
program, Research projects, general and special Publications, 
and other technical matters. It was announced that a new film 
on vertical gating design, prepared by the Light Metals Division, 
would be available at the Houston Convention; and that the 
sand investigation formerly carried on at Cornell University 
had not yet been reassigned for resumption, but bids were 
being taken. 

In response to a question concerning a_ research project 
correlating developments in shell molding and foundry sands, 
it was stated that a proposed project on shell molding resins 
had previously been rejected as being the type of investigation 
that should be conducted by commercial firms interested. 
rather than by AFS. It was the consensus of the Board 
however, that the proper committee should consider a_cor- 
relation of existing data on shell molding. 

Other Director comments: that more publicity be given the 
membership on AFS research projects, to keep members in- 
formed and avoid possible duplication by private companies: 
that the Directors be made acquainted with the type of con 
tract entered into by AFS on all research projects, and that 
the Directors should receive a copy of the existing contract 
between AFS and Battelle Memorial Institute as a sample. 


(8) Report of Chapter Contacts Committee 
The Vice-President, as Chairman, complimented the Directors 
on an outstanding job of Chapter contacts during the current 
year, and expressed the opinion that undoubtedly these contacts 
were enabling the Society to maintain its membership. He 
stated that a second required contact with the Chapters would 
be unnecessary and perhaps an undue hardship. 


(9) Report of the Publications Committee 

Minutes of the special meeting of the Publications Com- 
mittee held January 26, 1955, were read concerning revision of 
the former AFS publication, “Analysis of Casting Defects.” The 
meeting was held jointly with the Book Revision Committee 
of AFS, at the conclusion of which a joint recommendation 
to the Board of Directors was made, as follows: 

(a) That the title of the book be changed to “Controlling 

Casting Quality” . eliminating the word “defects” from 

the title but permitting some leeway by the revision com- 

mittee in selection of a title. 
(b) That the scope of the book be enlarged to include all 
cast metals. 
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(c) That the new publication include, in detailed manner. 
remedial measures to eliminate specific defects as well as to 
provide clear definitions thereof. 

(d) That the book should strongly emphasize the influence of 
design on defective conditions and should include specific 
recommendations concerning casting design for the produc- 
tion of sound castings. 

(e) That the relationship of defective conditions to the serv- 
iceability of castings be evaluated in the publication. 


(10) Report of the Building Committee 

The General Manager reported briefly on operations of the 
Headquarters Building, stating that the building had not yet 
been completed to the end of the Society accepting all construc- 
tion items for final payment. He reported that completion of 
the building now was in the hands of the general contractor 
and the supervising engineer. Items still to be completed in- 
volve the question of bonding the roof and balancing the air 
conditioning-heating system 


(11) Report on National Castings Council 

Minutes of the National Castings Council held December 8, 
1954, were briefed by the President, mainly with reference to 
AFS cooperation in furnishing the trade associations with am- 
munition to refute publicized claims that foundries contain 
hazardous and unsafe working conditions. It was stated AFS had 
provided some 4500 kits of pertinent information to refute such 
claims, and that the kits were furnished gratis to the trade 
associations for mailing to their members and nen-members. 

It was agreed that minutes of the NCC meeting held Decem- 
ber 8 would be reproduced and placed in the hands of all 
Directors. 


(12) Report on Board Liaison to S&H&APC 
Steering Committee 

No report available since no meeting of the Steering Com- 
mittee held since September. In response to a question as to 
permanence of the SkKH&AP Control Program, the Directors 
were reminded that AFS had committed itself to a ten-year 
minimum program. It was the consensus of the Board that this 
program very possibly could become one of the most important 
of all AFS activities and that the question of permanence was 
not at present involved. 


(13) Report on Liaison to Educational Division 

Director Cech reported that, while no meeting of the Execu- 
tive Committee of the Educational Division had been held re- 
cently, a number of matters of educational interest were being 
carried on. He referred particularly to construction of a new 
Cleveland trade school and the need for liaison with the AFS 
Education Director; that education should continue to be stressed 
as a major activity of all AFS Chapters; that the holding of 
several “Career Carnivals” should be brought to the attention of 
the Chapters at the 1955 Chapter Officers Conference; that local 
industry advisory groups, sponsored by the Chapters, might well 
be set up in carrying on AFS educational activities; that thought 
should be given to determination of job influences on young 
men in the armed services, prior to their discharge from the 
armed forces. 


(14) Report of F.E.F. Trustees 
Directors Nass and Morley urged attendance by members of 
the Board at the F.E.F. College-Industry Conference to be held 
in Cleveland, March 9-10. Director Kaveny asked the help of 
the foundry societies in obtaining greater industrial attendance 
and referred to publicity in the February and March issues of 
AMERICAN FOUNDRYMAN as being of great help. 


(15) Report on New Chapter Possibilities 

Director Kaveny reported on progress toward establishment 
of an AFS Chapter in the Pittsburgh area, stating that the 
Chapter steering committee would presently meet with the 
Executive Committee of the Pittsburgh Foundrymen’s Associa- 
tion. 

The Vice-President reported on progress toward establishment 
of a Chapter in the New England area, indicating discussions 
being held by the Executive Committee of the New England 
Foundrymen’s Association. 
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[he General Manager reported on two additional Chapter 

sibilities: (a) Request of the Chesapeake Chapter for in- 

formation leading to the formation of a section in Virginia; 
) Request of a member company at Provo, Utah, for formation 
a Chapter in that area. 


(16) Report on Pangborn Educational Scholarship Grant 
The General Manager reported continued inability to meet 
with Mr. T. W. Pangborn toward development of a deed of 
crant and details concerning the $50,000 scholarship fund pre- 
ited to AFS. Considerable discussion ensued on how such a 
fund would be administered and at what scholastic level. 
otion then was made, seconded and carried 


THAT the President, Vice-President, immediate Past 
President, Mr. Kaveny, and the General Manager be em- 
powered to wait upon Mr. Pangborn for acceptance of a 
Deed of Grant from Mr. Pangborn to AFS. 


(17) Report on Meeting with Trade 
Association Representatives 

Minutes were presented of a meeting held in Cleveland. Janu- 
iry 27, between AFS officials and the administrative and techni- 
cal directors of the foundry trade associations. The meeting 
was called to consider cooperation between AFS and the trade 
associations in the development of a publication to replace the 
former “Analysis of Casting Defects” book. 

It was stated that the recommendation of the joint meeting 
of the AFS Publications Committee and Book Revision Com- 
mittee held January 26 were presented at the meeting on 
January 27. A number of suggestions made at the latter meet- 
ing were accepted by AFS, including the idea that the proposed 
publication should be considered as an entirely new publication 
rather than a revision of the former book; that the approach 
should be from a production rather than an inspection stand- 
point; that the working committee should consider separate 
books for each of the cast metals; that the technical directors 
of the trade associations should be asked to serve on the work- 
ing committees in the interests of their respective groups. 

Following discussion by the AFS Board, the joint recommenda- 
tions of the Publications Committee and Book Revision Com- 
mittee were accepted on motion duly made, seconded and 
carried. In doing so, it was presumed that the trade associations 
would be made aware of the contents of the new book where 
concerned with their respective interests. 


(18) Consideration of 1957 Convention City 
At the request of the President and Vice-President, action on 
selection of a 1957 Convention City was again deferred pending 
further conversations. 


(19) Recommendations on “American Foundryman" 

The General Manager presented recommendations for prog- 
gress of AMERICAN FOUNPRYMAN, as requested at the Board 
meeting in November 1954. An extensive preliminary report 
was presented dealing with the background of the magazine, 
an analysis of the magazine's potential, a discussion of accept- 
ance considerations, and data on the present financial position 
of AMERICAN FOUNDRYMAN 

Following presentation of the General Manager’s report and 
analysis, the President stated that the Executive Committee had 
considered the report and recommendations in a special meeting 
held February 14, and made the following recommendations to 
the Board: 

(a) That the General Manager be authorized to assume 
immediately full charge of AMERICAN FOUNDRYMAN in order to 
organize promptly for the magazine's progress and to direct 
sales efforts, and that a managing director be sought immedi- 
ately and simultaneously to accept full charge of editorial, 
advertising, production and promotion. 

(b) That overage financing of AMERICAN FOUNDRYMAN to a 
maximum of $15,000 during 1954-55 be authorized. 

(c) That continuance of the policy toward the magazine as 
established by the Board of Directors in May 1954 be approved 
in terms of a desired increase in net income. 

On motion duly made, seconded and carried, the above 
recommendations of the Executive Committee were accepted 
by the Board. 
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The following, not included in the Executive Committee 
recommendations, were accepted as within the responsibility of 
the General Manager: Any adjustments in sales territories or 
assignments; any reorganization of the Staff so as to channel all 
AFS technical developments toward the magazine; development 
of a format and editorial content calculated to best serve all 
interests of the foundry industry. 

Without action, the General Manager requested that in 
determining budgets for the coming two years, a “reasonable” 
advertising goal be established, at least for the year 1956. 


(20) Outstanding S&H&AP Pledges 


The General Manager requested authorizations concerning 
outstanding pledges totaling $2,011.68 to the program of 
S&H&AP. It was agreed that existing pledges would be carried 
on the books to the end of the current fiscal year, with one 
further follow-up, and that outstanding pledges as of June 20, 
1955, then would receive no further solicitation. 


(21) Suggestions on AFS Regional Organization 

Discussion was held on a Director request concerning early 
organization of Regional Vice-Presidents. Following discussion, 
motion was made, seconded and carried, incorporating the 
following: 

(a) If no additional Director nominations are received 45 
days prior to the Annual Business Meeting, as called for in the 
By-Laws, the holdover and incoming Board members then 
would be solicited to elect Regional Vice-Presidents for notifica- 
tion at the Convention. Existing Regional Vice-Presidents 
would be expected to accomplish this election. The senior 
Board members would not be included in the voting. 

(b) That all Regional Vice-Presidents, whether or not elected 
members of the Executive Committee, would be notified of and 
invited to attend all meetings of the Executive Committee in 
ex officio capacity. 

(c) That this procedure be recommended for acceptance by 
future Boards until such time as incorporation in a By-Laws 
revision may be accomplished. 


(22) Developments in Foundry Air Pollution 

Director Morley suggested that AFS development of suggested 
or “standard” paragraphs for local air pollution ordinances 
would be helpful. It was pointed out, however, that such under- 
taking might very well impose hardship on certain areas while 
benefiting others; and that it was the consensus of the SeH&APC 
Steering Committee, as well as previous AFS Boards, that AFS 
could best assist local foundry groups by providing engineering 
advice and consultation 


(23) Appointment of New AFS Director 


The President called attention to Article IX, Sec. 10 of the 
By-Laws authorizing appointment of one Director annually by 
the Board of Directors. Nominations being called for, on motion 
duly made, seconded and carried, the following National Direc- 
tor was appointed for the 3-year term 1955-1958: 

H. C. Erskine, Asst. General Manager 
Castings Division 

Aluminum Co. of America 
Pittsburgh, Pa. 


(24) Resolution on Death of C. E. Hoyt 

Members of the Board expressed their deep regret over the 
death of former AFS Executive Vice-President and Exhibits 
Manager C. E. Hoyt, who died January 29 at the age of 85. 
The General Manager was instructed to prepare and spread on 
the minutes of this Board meeting, with a copy to the widow, 
an appropriate resolution expressing the Board’s sense of loss. 

On motion duly made, seconded and carried, it was declared 
that the name of the present Charles Edgar Hoyt Annual 
Lecture would be changed to “Charles Edgar Hoyt Memorial 
Lecture,” and continued as an annual Convention feature. 

There being no further business to be considered, the meeting 
was declared adjourned. 


Approved: 
Frank J. Dost, President 
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Minutes 


Special Meeting of the AFS Board of Directors 1954-55 
Shamrock Hotel, Houston, Texas — May 26, 1955 


{1) ROLL CALL: 


President Frank J. Dost, presiding 
Vice-President B. L. Simpson 
General Manager Wm. W. Maloney 


Directors (exp. 1955) Directors (exp. 1956) Directors (exp. 1957) 

Collins L. Carter Charles E. Brust Frank C. Cech 

Jack O. Klein Thos. Kaveny, Jr. Lewis H. Durdin 

Alex D. Matheson Chester V. Nass B. George Emmett 

H. Gordon Robertson G. Ewing Tait Wm. M. Hamilton 
Harold L. Ullrich 


Absent: 


Directors: M. A. Fladoes, W. J. Klayer, J. T. Westwood, 


C. B. Schneible (dec.); E. C. Hoenicke, M. J. 
Lefler, W. R. Pindell, W. A. Morley, E. R. 
Oeschger. 
Observers (Incoming Officers & Directors) 
Vice-President-elect Frank W. Shipley 
Directors-elect: 
Curtis C. Drake 
Charles W. Gilchrist 
O. Jay Myers 
Charles E. Nelson 
Richard A. Oster 
Robert W. Trimble 
Absent: 


Director-elect H. C. Erskine 


(2) A quorum having been established, the President called 
the meeting to order. 


(3) Reading and Approval of Minutes 
Minutes of the Board meeting held February 14-15, 1955, were 
briefed, having been previously approved by letter ballot of the 
Directors. 


(4) Reports of Staff Officers 
Brief reports of the General Manager and Treasurer were 
presented, covering membership, Chapters, Chapter Officers Con- 
ference, AMERICAN FOUNDRYMAN, technical activities, SkKH&AP 
Program, education, and the 1956 Convention and Exhibit. 


(5) Pangborn Educational Grant 

The General Manager presented a progress report on develop- 
ments in conjunction with the proposed $50,000 Pangborn Schol- 
arship Grant to AFS, including the meeting held at Hagers- 
town, Md., in March, attended by Messrs. Dost, Simpson, Carter, 
Kaveny and Maloney. He stated that Deeds of Grants for the 
Scholarship Endowment and the Gold Medal Endowment had 
both been drawn up and presented to Mr. Pangborn for ap 
proval. 


(6) AFS Convention City 1957 
The President pointed out that action on selection of a 1957 
Convention city, as discussed at the February Board meeting, 
had been deferred at his request pending further negotiations. 
He siated that such negotiations having been completed, it was 
recommended that Cincinnati be selected as the 1957 Conven- 
tion city. On motion duly made, seconded and carried, the 
selection of Cincinnati was approved, and the General Manager 

instructed to notify the proper parties accordingly. 


(7) Chapter Officers Conference 
The President requested all Directors to attend the 1955 
Chapter Officers Conference, June 16-17, if at all possible. He 
also stated that he was calling a special meeting of the Execu- 
tive Committee on June 15 for organization of the coming year. 


(8) Resolution Regarding C. B. Schneible 
The President expressed the deep regrets of the Society for 
the untimely death of Director C. B. Schneible on April 15, 1955. 
On motion duly made, seconded and carried, the Secretary was 
instructed to draw up appropriate resolutions to be spread upon 
the minutes of the Board meeting, with a copy to Mr. Schneible’s 
widow. 

(9) In adjourning this final meeting of the 1954-55 Board of 
Directors, President Dost expressed his sincere thanks for the 
cooperation of the Directors during the past year and expressed 
the hope that equal cooperation would be given the incoming 
President. He then turned the gavel over to President-elect 
B. L. Simpson. 

There being no further business, the final meeting of the 
1954-55 Board was declared adjourned. 


Approved: 
FRANK J. Dost, President 





Minutes 


Special Meeting of the AFS Board of Directors 1955-56 
Shamrock Hotel, Houston, Texas — May 28, 1955 


(1) ROLL CALL: 
President Bruce L. Simpson, Presiding 
Vice-President Frank W. Shipley 
General Manager Wm. W. Maloney 
Directors: 
(Term expires 1956) (Term expires 1957) (Term expires 1958) 
Charles E. Brust Frank C. Cech Curtis C. Drake 
Frank J. Dost Lewis H. Durdin Charles W. Gilchrist 
Thos. Kaveny, Jr. B. George Emmett OO. Jay Myers 
Chester V. Nass Wm. M. Hamilton Charles E. Nelson 
G. Ewing Tait Harold L. Ullrich Richard A. Oster 
Robert W. Trimble 
Absent: 
Directors: E. C. Hoenicke, M. J. Lefler, W. R. Pindell, 
W. A. Morley, E. R. Oeschger, H. C. Erskine. 





Observers (Retiring Officers & Directors) 


Collins L. Carter 
Jack O. Klein 

Alex D. Matheson 

H. Gordon Robertson 


(2) The President called the special meeting of the new 
Board to order, and in preliminary remarks urged complete 
support of Society activities in the field. 


(3) The President then introduced the Regional Vice-Presi- 
dents for 1955-56 as follows: Region 1 — Thos. Kaveny, Jr.; 
Region 2— Martin J. Lefler; Region 3—Chester V. Nass; Re- 
gion 4 — Lewis H. Durdin; Region 5 — Wm. R. Pindell 
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(4) Executive Committee Board Liaison to Education Committee 
, , . ’ F. C. Cech R. A. Oster 
The President pointed out that, under the By-Laws, the ; 
xecutive Committee is composed of the President, Vice-Presi- N. C. C. Representatives pee 
cent, immediate Past President, and three Regional Vice-Presi- B. L. Simpson F. W. Shipley 
ents elected by the Board. In a secret ballot, the Board of F. E. F. Trustees 
Directors then elected the following as members of the Executive C. V. Nass 1954-56 
ommittee during 1955-56: Thomas Kaveny, Jr., L. H. Durdin, W. A. Morley 1955-57 
C. V. Nass. International Representatives 
The President announced that, in accordance with agreement B. L. Simpson W. W. Maloney 
P- of the Board, all Regional Vice-Presidents would be invited to Vincent Delport 
4 attend meetings of the Executive Committee in the future. College Advisory Committee 
: 5) Board Committees HY. Top, hatoman "A Tm 
re The President announced that, in accordance with the By- Ming» rt J aig 
id Laws, the following Board committee appointments were being ero» 
, sa SE Ciientee (6) Convention and Exhibit City 1958 
B. L. Simpson, Chairman Thos. Kaveny, Jr. The General Manager recalled for the Board that a commit- 
- F. W. Shipley L. H. Durdin ment had been made in 1953, with approval of the Exhibitors’ 
- F. J. Dost C. V. Nass Committee, to hold the 1958 Convention and Exhibit in the 
B Finance Committee proposed new Chicago Exposition Hall. He stated that, since 
“ B. L. Simpson, Chairman _ F. J. Dost January 1955, information had developed indicating that the 
“4 F. W. Shipley W. W. Maloney Chicago hall would probably not be built in time for AFS to 
. Board of Awards consider occupancy in 1958, and that he therefore had investi- 
. S. V. Wood, Chairman I. R. Wagner gated facilities of other cities, finding little choice in dates or 
, W. B. Wallis C. L. Carter locations. As a result, the General Manager recommended that 
E. W. Horlebein F. J. Dost the 1958 Convention and Exhibit be again held in Cleveland, 
W. L. Seelbach in May. 
. Publications Committee In response to a question as to whether it was the intention 
‘ W. D. McMillan, Chairman C. B. Jenni of AFS to seek recommendations of the Exhibitors’ Committee 
‘ M. J. Lefler S. C. Massari for convention and exhibit locations, the President stated there 
q (Board Liaison) C. E. Nelson had been no change in this policy. The General Manager was 
, G. K. Eggleston C. A. Sanders instructed to call a meeting of the Exhibitors’ Committee as 
Nominating Committee soon as possible so as to advise them regarding future convention 
: F. J. Dost, Chairman and exhibit cities. 
= Cc. L. Carter ay , , By motion made, seconded and carried by a majority of votes, 
“ (5 others to be selected by the Executive Committee at the recommendation of the General Manager for Cleveland in 
, the Annual Board mneuting) 1958 was approved, with three negative votes. 
é —— —— yo emg 
‘onan sta apa ; (7) Safety, Hygiene & Air Pollution Service 
f M. J. Lefler — Region 2 The President stated that he had attended a meeting of the 
. C. V. Nass — Region 3 S&H&AP Steering Committee in April at which time a proposal 
1 L. H. Durdin — Region 4 for AFS to carry on a consulting service for foundries on matters 
7 W. R. Pindell — Region 5 concerning the program had been discussed. He stated that he 
(All other Directors serve as members of the commit- had approved distribution of a questionnaire to members of 
tee) the Steering Committee requesting their written comments on 
Board Research Committee such a service. Questionnaire replies were presented, indicating 


E. C. Hoenicke, Chairman’ E. R. Oeschger a majority in favor. 

L. H. Durdin G. E. Tait It was the consensus that the President should refer the matter 

W. M. Hamilton H. L. Ullrich of SkH&AP consulting service to the meeting of the Executive 

C. E. Nelson Committee on June 15 for detailed consideration and recom- 
Board Liaison to S&H&AP Steering Committee mendations. 

W. M. Hamilton C. E. Brust There being no further business to be considered, the meeting 
Annual Lecture Committee was declared adjourned. 

R. F. Thomson, Chairman _§. C. Massari 

G. P. Halliwell W. E. Sicha Approved: 

C. F. Joseph B. L. Simpson, President 





Minutes 


Meeting AFS Executive Committee 
Union League Club, Chicago — June 15, 1955 


(lt) ROLL CALL: On Invitation: 
*Presiding, B. L. Simpson, President W. N. Davis 
*F. W. Shipley, Vice-President H. J. Weber 
: *F. J. Dost, Immediate Past President (2) Minutes of the Board meeting held at Houston, Texas, 
Regional Vice-Presidents: May 26, 1955, were read in brief, subject to approval by letter 
*Region 1, Thomas Kaveny, Jr. ballot of the Board. 


*Region 3, C. V. Nass 

*Region 4, L. H. Durdin 

Region 2, M. J. Lefler 

Region 5, W. R. Pindell 

Wm. W. Maloney, General Manager 


(3) The President invited Directors Lefler and Pindell to 
participate fully in discussions and actions of the Executive 
Committee. 

(4) S&H&AP Control Program. The President called for 
discussion of a proposed plant engineering consulting service to 
*Member Executive Committee be performed by members of the Central Office Staff in con- 
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junction with the SceH&AP Control Program. Following original 
discussion at a meeting of the SkKH&AP Steering Committee in 
April, a questionnaire: was sent to all Steering Committee mem- 
bers seeking their views on validity of the proposal. The Presi- 
dent presented a tabulation of the questionnaire replies, indi- 
cating that a majority of the Steering Committee were in favor 
of the proposed service. Replies tabulated as follows: 

(a) Is there a need for intelligent consulting service? 10 Yes, 
1 No. 

(b) Should AFS set up personnel to render this service? 10 
Yes, 0 No. 

(c) Would any other group of consultants be injured by AFS 
activity in this field? 4 Yes, 6 No. 

(d) Should such AFS service be (1) purely advisory and con- 
sulting? 2 Yes, 8 No; (2) implemented by test equip- 
ment? 9 Yes, | No; (3) recommending other agencies for 
analytical work? 4 Yes, 6 No; (4) setting up educational 
training services, etc.? 8 Yes, 2 No. 

(e) Should such AFS consulting service review proposed lay- 
outs and installations? 8 Yes, 2 No. 

(f) Should such service be charged for to (1) break even? 
5 Yes, 5 No; (2) make a profit? 5 Yes, 5 No. 

(g) Should AFS perform such additional services as (1) ex- 
pert witness? 7 Yes, 3 No; (2) aid in rule making, etc.? 
9 Yes, 1 No. 

In reply to question, the names and companies of all members 
of the Steering Committee were presented. An analysis of the 
service as prepared by the staff was presented, and discussion 
followed on such points as: (1) advisability of performing a 
consulting or an advisory service; (2) availability of Staff time 
for the job; (3) desirability of charging fees, or reimbursement 
of actual expense, or no charge; (4) importance of completing 
present work on SKH&AP manuals before taking on new activi- 
ties. 

It was the consensus of the committee that AFS should not 
enter into any form of consulting service but should continue to 
accept the same type of advisory service requests as in the past, 
on the same non-charge basis as in the past, from communities 
and foundry groups. It was the consensus that the completion 
of manuals on environmental control and on air pollution con- 
trol should have first priority by the staff. It was the consensus 
that AFS should assist any community desiring advisory assist- 
ance, on a non-charge basis, and to further promote this service. 
It was the consensus that only an advisory type of service be 
carried on, with no advertising promotion, no engineering re- 
ports issued, and, for the time being at least, without purchase 
of equipment for Central office use. 

(5) Tax Exempt Slatus of AFS. The President pointed out 
that AFS has been exempt from payment of Federal income tax 
since 1937 under Section 101 (7) of the Internal Revenue Act 
of that year, and that two separate requests for reclassification 
under Section 101 (6) had been refused. He pointed out the 
desirability of classification 101 (6), since contributions to 
organizations in that section are automatically deductible by the 
donor. 

The President then reported that the proposed $50,000 dona- 
tion to AFS by the Pangborn Corporation for scholarship pur- 
poses was being withheld by the donor in view of the Society’s 
present classification under Section 101 (7) (Section 501 (c) (6) 
of the 1954 code, as opposed to section 501 (c) (3)). This report 
stated that Mr. T. W. Pangborn had agreed to delaying action 
on the $50,000 donation until December 31, 1956, to permit AFS 
time to obtain classification as indicated above. 

Following discussion, it was moved, seconded and carried that 
the President should be authorized to seek reclassification of 
AFS for income tax purposes under Section 501 (c) (3) of the 
1954 code, and that the firm of Lybrand, Ross Bros. & Mont- 
gomery be retained to accomplish this purpose. 

It was pointed out that the proposed Deed of Grant originally 
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developed at a meeting in Hagerstown had been changed to 
provide scholarships to students in “accredited engineering 
schools and colleges” instead of the original intent, namely, to 
grant scholarships to students in “Foundry Educational Founda- 
tion and/or AFS Student Chapter schools.” It was the consensus 
that the Deed of Grant should be changed back to the original 
intent and specification. 

(6) Membership Work. The President called attention to 
the fact that Company and Sustaining memberships fell off 
during the fiscal year 1954-55, in part due to the new dues 
structure and part to business conditions. He expressed the 
belief that there should be more concentration on membership 
work during the coming year, particularly among the Chapters, 
with the AFS Directors contacting Chapters toward that end. 

He suggested: (1) That Directors concentrate on membership 
work in visiting Chapters, to the virtual exclusion of other 
Chapter interests; (2) that membership problems in the Central 
Office be channeled through one responsible person, with the 
Directors advised monthly on memberships of Chapters in their 
respective areas; (3) that one member of the Central Office staff 
be assigned to membership field work, to increase Company and 
Sustaining memberships in the Chapters, particularly east of 
the Mississippi River. 

It was the consensus of the committee that the membership 
program as outlined was agreeable. One Director requested that 
all Regional Vice-Presidents receive copies of membership field 
reports covering their areas. It was also requested that all 
Directors receive periodically the overall picture on memberships 
as a whole. 

In response to question of the General Manager, it was agreed 
that Chapter membership targets should be established for 
1955-56 to a total of 12,000 members, and that individual targets 
be submitted to the Chapters for approval within 30 days of 
bulletined. 

With regard to Chapter dues refunds, the General Manager 
recalled the Board agreement to indemnify against refund loss 
during 1954-55 those Chapters maintaining their memberships 
during the fiscal year. He stated that three Chapters main- 
taining or increasing their memberships had suffered refund 
losses, and it was agreed that these three should be reimbursed 
to the refund totals of 1953-54. 

On motion duly made, seconded and carried the General 
Manager was authorized to carry through on the appointment 
of a staff member for membership field work. 

(7) Assistant Secretary. It was the consensus of the committee 
that the General Manager should take immediate steps to relieve 
himself of as much detail as possible and to devote more time 
to directing the efforts of staff members on various activities. 
On motion duly made, seconded and carried, the Executive 
Committee recommended that an Assistant Secretary be ap- 
pointed by the General Manager and empowered as a signatory 
on AFS checks. This recommendation subject to approval by 
the Board of Directors. 

(8) AFS Research Work. The President presented a_ brief 
review of AFS research work over the past years, with particular 
reference to the present Board policy whereby a sum of approxi- 
mately $5.000 may be approved for research work by each 
division of AFS on projects developed and submitted by Research 
Committees of the divisions. He outlined a proposed “Foundry 
Research Foundation” for the coordination of all foundry re- 
search, as a Foundation separate and apart from the Society 
itself. The President detailed plans for such a project and, 
without vote, stated that the matter would next be discussed 
with the Board Research Committee prior to its being submitted 
to the AFS Board of Directors. 

There being no further business to be considered, the meet- 
ing was declared adjourned. 


Approved: 
B. L. Simpson, President 





10 


rh 


S° G2 NO Poh 


AF: 
AF: 


AF: 
Gue 


Bir: 





Vv 


oO 


is 


«9 


° 











PTER OFFICERS CONFERENCE 
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TWELFTH ANNUAL CHAPTER OFFICERS CONFERENCE 






Hotel Morrison, Chicago — June 16-17, 1955 


PROGRAM 
June 16 4:20 p.mM. How To Make The Best Use of Conference 
9:50 0.2. GE GO GR sn <crpcnsiecascrss Chairman Simpson i Ase ovevenniogasavenasad Gen. Mgr. Maloney 
32a.M. Welcome to Conference......... Chairman Simpson 4:30 p.m. Instructions for Trip to National 
9:55 A. TOROBRCHONS..« 5... 0.056. c0nccascs By the Conference Hidqr.... 2... csceseccsevcees Gen. Mgr. Maloney 
9:-47a.M. Sketching in the Background. .AFS President Simpson 5:00 p.m. Social Hour 
9:57a.M. AFS As A Technical Society........ Tech. Dir. Heine 5:55 p.m. Annual Conference Dinner 
10:12a.s. The SRHRAP Program .........ccccccses Dir. Davis Presiding: President Bruce L. Simpson 


Asst. Dir. Weber 
10:42 a.m. Coffee Break 
11:02a.m. Organizing for the Chapter Season .Gen. Mgr. Maloney 


Guest Speaker: Col. C. A. Lindop, Chairman and Joint 
Mgr. H. W. Lindop & Sons, Ltd., Walsall, England. 
“Developments in the British Malleable Castings 


11:22a.m. Developing a Chapter Program... .Conference Clinic Industrv” 
12:15 p.m. Luncheon 
1:25 p.m. Report from the F.EF.............. Exec. Dir. Walsh June 17 
1:45 p.m. Organization of AFS Board............ Pres. Simpson : Ps ee 
2:05 p.m. Official Chapter Contacts.......... Vice-Pres. Shipley 9:00 a.M. Tour of AFS Headquarters Building 
2:25 p.m. The AFS Nominating Committee.Gen. Mgr. Maloney 9:20 a.m. Welcome to Headquarters............ Pres. Simpson 
2:35 p.m. Convention and Exhibits........ Gen. Mgr. Maloney 9:25 a.m. AFS Library and Technical 
2:50e.m. AFS Financing and Finances... .. Gen. Mgr. Maloney ACtIVILIES. 60.0... cee eee eee eeee Tech. Dir. Heine 
3:00 P.M. Recess 9:50 a.M. Keeping up the Membership..... Gen. Mgr. Maloney 
3:20 p.m. Chapter Educational Programs. ....Edn. Dir. Sinnett 10:20a.m. “MODERN CASTINGS”........... Mgr. Dir. Fuller 
Earl Strick Editor Scobie 
Dir. Oster 12:30 p.m. Getaway Luncheon 
ATTENDANCE 


AFS President and Conference Chairman — Bruce L. Simpson, 
President, National Engineering Co., Chicago. 

AFS Vice-President — F. W. Shipley, Foundry Mgr., Caterpillar 
Tractor Co., Peoria, Il. 

AFS General Manager — Wm. W. Maloney. 

Guests — R. W. Schroeder, University of Illinois, Chicago. R. E. 
Kennedy, Sec.-Emeritus. E. M. Strick, Finishing Supt., Erie 
Malleable Iron Co., Erie, Pa. E. J. Walsh, Exec. Director, Foun- 
dry Educational Foundation, Cleveland, O. 


Chapter Officers 


BIRMINGHAM — Chairman A. J. Fruchtl, Res. Mgr., U. S. Pipe & 
Foundry Co., Birmingham, Ala. Vice-Chairman & Program 
Chairman J. F. Drenning, Met. Sales Engr., Kerchner Marshall 
& Co., Birmingham, Ala. Secretary-Treasurer L. L. Stone, Brass 
Foundry Supt., Stockham Valves & Fittings, Birmingham, Ala. 

British CoLtumBIA — Chairman P. H. Hookings, Plant Mgr., West- 
ern Magnesium, Ltd., Vancouver, B. C. Canada. Vice-Chairman 
& Program Chairman C. C. Smith, Mgr., General Metals Co., 
Vancouver, B.C., Canada. 

CANTON District — Chairman H. A. Biddinger, Foreman Pattern 
Shop, F. E. Myers & Bros. Co., Ashland, Ohio. Vice-Chairman 
& Program Chairman W. W. Snodgrass, Planning Engr., Mas- 
sillon Steel Castings Co., Massillon, Ohio. 

CENTRAL ILLINoIs — Chairman R. F. Heiden, Treas., Galva Foun- 
dry Co., Galva, Ill. Vice-Chairman & Program Chairman K. M. 
Smith, Foundry Engr., Caterpillar Tractor Co., Peoria, Illinois. 

CENTRAL INDIANA — Chairman J. A. Barrett, Asst. Gen. Supt.. Na- 
tional Malleable & Steel Castings Co., Indianapolis, Ind. Vice- 
Chairman & Program Chairman R. H. Brookes, Foundry Supt., 
Link Belt Co., Indianapolis, Ind. 

CENTRAL MICHIGAN — Chairman G. H. Lloyd, Sec’y., Albion Malle 
able Iron Co., Albion, Mich. 

CENTRAL NEw York — Chairman J. O. Ochsner, Foundry Chemist. 
Crouse-Hinds Co., Svracuse, N. Y. Vice-Chairman & Program 
Chairman W. A. Mader, Chief Met., Oberdorfer Foundries, 
Inc., Syracuse, N. Y. 

CENTRAL On10 — Vice-Chairman & Program Chairman K. G. Press- 
er, Asst. Dir., Gray Iron Reesarch Institute, Inc., Columbus, 
Ohio. Secretary D. C. Williams, Assoc. Prof.. Dept. of Ind. 

Engr., Ohio State University, Columbus, Ohio. 


CHESAPEAKE — Chairman J. O. Danko, Sr., Pres. Danko Pattern & 
Mfg. Co., Baltimore, Md. Vice-Chairman & Program Chairman 
J. H. Schaum, Met., National Bureau of Standards, Washing- 
ton, D. C. 

Cuicaco — Vice-Chairman & Program Chairman R. P. Schauss, 
Chicago Mgr. Werner G. Smith, Inc., Chicago, III. 

CincINNATI District — Chairman J. D. Sheley, Asst. Plant Mgr., 
Black-Clawson Co., Hamilton, Ohio. Vice-Chairman & Program 
Chairman R. J. Westendorf, Vice Pres. & Gen. Mgr. Dayton 
Casting Co., Dayton, Ohio. 

Corn Be_t—Publicity Chairman Eugene Hagedorn, Engr., Omaha 
Steel Works, Omaha, Nebr. 

Detroit — Program Chairman §. Pasick, Sales Manager, Brooks 
Foundry, Inc., Albion, Mich. 

EASTERN CANADA — Chairman W. C. H. Dunn, Vice Pres., Western 
Pattern Works, Montreal, Quebec, Can. Vice-Chairman & Pro- 
gram Chairman M. McQuiggan, Industrial Sales Representa- 
tive, LaSalle Coke Co., Montreal, Quebec, Canada. 

EASTERN New York — Chairman R. W. MacArthur, Vice Pres. & 
Gen. Mgr., Ramsey Chain Co., Inc., Albany, New York. Vice- 
Chairman & Program Chairman L. J. Dinuzzo, Secretary, Gen- 
eral Electric Co., Schenectady, New York. 

METROPOLITAN — Chairman C. D. Preusch, Foundry Met., Crucible 
Steel Co. of America, Harrison, N. J. 

Mexico — Chairman U. Lopez Ayala, Production Mgr., Fundicion 
El Rosario, $.A., Pueblo, Mexico. Vice-Chairman Francisco J. 
Gutierrez S., Sales Mgr., Fundiciones de Hierro y Acero, S.A., 
Mexico, D.F., Mexico. 

MicHIANA—Vice-Chairman & Program Chairman F. Crowley, Met., 
Benton Harbor Malleable Industries, Inc., Benton Harbor, 
Mich. Secretary-Treasurer V. S. Spears, Dist. Mgr., American 
Wheelabrator Corp., Mishawaka, Indiana. 

Mip-SoutH — Chairman A. P. Alexander, Works Met., Interna- 
tional Harvester Co., Memphis, Tenn. Vice-Chairman & Pro- 
gram Chairman C. D. Gray, Foundry Supt., Layne & Bowler, 
Inc., Memphis, Tenn. 

Mo.-Kan. — Chairman Henry C. Deterding, Met., Sonken Galamba 
Corp., Kansas City, Kansas. Vice-Chairman & Program Chair- 
man E. H. Haydon, Sales Mgr., Neville Foundry Co., Inc., N. 
Kansas City, Mo. 
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NORTHEASTERN On10 — Chairman L. T. Crosby, Dist. Mgr., Sterling 
Wheelbarrow Co., Rocky River, Ohio. Vice-Chairman & Pro- 
gram Chairman A. D. Barczak, Plant Mgr., Superior Foundry, 
Inc., Cleveland, Ohio. 

NORTHERN CALIFORNIA — Chairman C. D. Russell, Sales, Phoenix 
Iron Works, Oakland, Calif. Vice-Chairman & Program Chair- 
man H. E. Henderson, Sec’y. & Sand Tech., H. C. Macaulay 
Foundry Co., Berkeley, Calif. 

No. ILL.-So. Wis. — Vice-Chairman & Program Chairman R. A. 
Oster, Dir., Beloit Vocational & Adult School, Beloit, Wis. 
NORTHWESTERN Pa. — Vice-Chairman & Program Chairman R. L. 
Johnson, Foundry Supt., Bucyrus-Erie Co., Erie, Pa. Educa- 
tional Chairman P. W. Green, Met., General Electric Co., Erie, 

Pa. 

Ontario — Chairman W. H. L. Bryce, Gen. Foreman, Interna- 
tional Harvester Co. of Canada, Ltd., Hamilton, Ont., Canada. 
Vice-Chairman F. W. Kellam, Met. Engr., Electro Metallurgi- 
cal Co. of Canada, Welland, Ontario. 

OrEGON — Chairman H. Czyzewski, Pres., Metallurgical Engineers, 
Inc., Portland, Oregon. Vice-Chairman & Program Chairman 
F. M. Menzel, Plant Engr., Rich Mfg., Portland, Oregon. 

PHILADELPHIA — Chairman C. W. Mooney, Jr., Supt., Link Belt 
Co. (Olney Fdy.) Philadelphia, Pa. Vice-Chairman & Program 
Chairman W. S. Giele, Prop., Walter Giele Co., Lebanon, Pa. 

Quap City—Chairman C. ©. Fye, Foundry Supt., John Deere 
Harvester Works, East Moline, Ill. Secretary J. Smillie, Labora- 
tory Technician, John Deere & Co., Moline, III. 

RocHEsTeR — Chairman D. E. Webster, Foundry Supt., American 
Laundry Machinery Co., Rochester, N. Y. Vice-Chairman & 
Program Chairman E. J. Baker, Branch Mgr., Federated Metals 
Div., American Smelting & Refining Co., Rochester, N. Y. 

SAGINAW VALLEY— Chairman F. P. Strieter, Asst. Supt., Die Casting 
Dept., Dow Chemical Co., Midland, Mich. Vice-Chairman & 
Program Chairman J. E. Bowen, Chief Met., Chevrolet-Sagi- 
naw Grey Iron Foundry, Saginaw, Mich. 

St. Louis District — Chairman G. L. Mitsch, Plant Mgr., A.C.F. 
Industries, St. Louis, Mo. Vice-Chairman & Program Chairman 
J. O’Meara, Works Mgr., Banner Iron Works, St. Louis, Mo. 

So. CALIFORNIA — Chairman W. C. Baud, Plant Supt., Mechanical 
Foundries Div., Food Machinery & Chemical Corp., Vernon, 
Calif. Vice-Chairman & Program Chairman J. W. Mitchell, 
Foundry Supt., Utility Steel Foundry, Los Angeles, Calif. 

TENNESSEE — Chairman W. B. Creiser, Supt., Ross Meehan Foun- 
dries, Chattanooga, Tenn. Vice-Chairman & Program Chair- 
man H. Bohr, Jr., Partner, Robbins & Bohr, Chattanooga, 
Tenn. 

Texas — Chairman J. R. Hewitt, Director Customer Relations, 
Texas Foundries, Inc., Lufkin, Texas. Vice-Chairman & Pro- 
gram Chairman W. A. Bearden, Sales Representative, M. A. 
Bell Co., Houston, Texas. 

TIMBERLINE — Chairman W. R. Manske, Works Manager, Ameri- 
can Manganese Steel Div., American Brake Shoe Co., Denver, 
Colo. Vice-Chairman & Program Chairman D. C. Durant, Gen. 
Supt., U. S. Foundries, Inc., Denver, Colo. 

TOLEDo — Secretary L. F. Schultz, Accountant, Freeman Supply 

Co., Toledo, Ohio. 








‘TRANSACTION; 


Tri-State — Chairman W. H. Mook, Gen. Foreman, Bethlehem 
Supply Co., Tulsa, Okla. Vice-Chairman & Program Chairman 
R. F. Forsythe, Foundry Foreman, Big Four Foundry Co., 
Tulsa, Okla. 

Twin Crry—Chairman H. H. Blosjo, Chief Met., Minneapoli 
Electric Steel Castings Co., Minneapolis, Minn. Vice-Chairmar 
& Program Chairman J. Roth, Supt., Progress Pattern & Foun 
dry Co., St. Paul, Minn. 

WASHINGTON — Chairman W. A. Shaug, Foreman, South Seattle 
Foundry Co., S. Seattle, Wash. Program Chairman W. K. Gibb 
Chief Inspector, Atlas Foundry & Machine Co., Tacoma, Wash. 

WESTERN MICHIGAN — Chairman G. W. Bartlett, Exec. Vice Pres 
Neway Equipment Co., Muskegon, Mich. 

WESTERN New York — Chairman L. Greenfield, Plant Mgr., Sam 
uel Greenfield Co., Inc., Buffalo, N. Y. Vice-Chairman & Pro 
gram Chairman M. Emery, Plant Supt., Buffalo Pipe & Foun 
dry Corp., Buffalo, N. Y. 

Wisconsin — Chairman P. C. Fuerst, Foundry Supt., Falk Corpora- 
tion, Milwaukee. Wis. Program Chairman L. Woehlke, Plant 
Mgr., Spring City Div. Grede Foundries, Inc., Milwaukee, Wis. 

NEw ENGLAND AREA—H. G. Stenberg, Foundry Supt., Draper Corp., 
Hopedale, Mass. H. M. Frechette, Vice Pres. & Gen Mgr., Fitch- 
burg Foundry, Inc., Fitchburg, Mass. 


AFS National Directors 

C. Cech, Instructor, Cleveland Trade School, Cleveland, Ohio. 

C. Drake, Plant Supt., Griffin Wheel Co., Denver, Colo. 

H. Durdin, President, Dixie Bronze Co., Inc., Birmingham, Ala. 

G. Emmett, Works Manager, Los Angeles Steel Castings Co., 

Los Angeles, Calif. 

C. W. Gilchrist, Foundry Supt., Cooper-Bessemer Corp., Mt. Ver- 
non, Ohio. 

T. Kaveny, Jr., President, Herman Pneumatic Machine Co., Pitts- 
burg, Pa. 

M. J. Lefler, Plant Manager, Oliver Corp., South Bend, Ind. 

O. J. Myers, Technical Director, Archer-Daniels-Midland Co., 
Minneapolis, Minn. 

C. V. Nass, Vice Pres. & Gen. Manager, Beardsley & Piper Div., 
Pettibone Mulliken Corp., Chicago, II. 

C. E. Nelson, Technical Director Magnesium Div., Dow Chemicai 
Co., Midland, Mich. 

R. A. Oster, Director, The Beloit School of Vocational and Adult 
Education, Beloit, Wis. 

W. R. Pindell, Manager, Northwestern Foundry & Furnace Co., 
Portland, Oregon. 

AFS Central Office Staff 

H. J. Heine, Technical Director 

J. E. Foster, Technical Asst. 

W. N. Davis, Dir., SkH&AP 

H. J. Weber, Asst. Dir., SkH&AP 

D. J. Hayes, Admin. Asst. 

A. B. Sinnett, Education Director 

LaVerne Lahn, Membership Dept. 

C. G. Fuller, Mng. Dir... MODERN CASTINGS 

H. F. Scobie, Editor, MODERN CASTINGS 

J. M. Eckert, Advertising Mgr.. MODERN CASTINGS 

A. V. Carlson, Tech. Writer, MODERN CASTINGS 
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EDUCATION AND FUTURE FOUNDRYMEN 


By 


Fred J. Walls* 


The future of the Foundry Industry lies in the 
human resources available to us. It is for our own 
benefit that we should assume a greater interest in the 
development of these resources. In this age of in- 
creasing mechanical and technical complexity, the 
highly developed skills and technical knowledge are 
at a premium. 

There can not be developed a sufficient supply of 
skilled workers, trained engineers and scientists of 
the required stature without greater cooperation be- 
tween leaders in industry and leaders in our educa- 
tional system. 

To define all the requirements of the individuals 
that go to make up an ideal foundry organization or 
to attempt to suggest curriculums, is far beyond the 
scope of this paper. So, let us approach the means of 
laying the foundations of education from which can 
be assembled enthusiastic and trained people having 
a Capacity to maintain and improve the relative posi- 
tion of the Foundry Industry among the more 
glamorous industries that have a natural attraction 
for educated youth. 

The purpose of this paper is to suggest paths along 
which we might travel in generating a supply of ade- 
quately trained personnel for our foundries of to- 
morrow. 

The writer realizes that these paths are devious and 
he recognizes among his readers foundrymen of all 
stations. Some of you are members of captive 
foundries having staffs of engineers and scientists and 
unlimited research facilities. Others of you are 
owners of small foundries wherein you may be the 
president, the general manager, the chief engineer, 
the chief metallurgist, the boss core maker, the master 
molder or even the chief melter. In between these 
extremes, we find the greatest number of foundries. 


Foundry Industry Is Small Business 
Of the 5,938 producing units listed by Penton 
Publishing Co. last year, there were 57 foundries em- 
ploying over 1000 people — 126 with over 500 but less 
than 1000, — 267 with 250 to 500,—627 with 100 to 
250, — 843 with 50 to 100, — 1,328 with 20 to 50, and 


*International Nickel Co., Inc.. Detroit, Mich. 


2,690 with 20 or less employees. These figures show 
us that over two-thirds of our foundries have less 
than 50 employees. But, size in this technological age 
has no bearing on the skill and the engineering re- 
quirements for successful operators. In many in- 
stances, more fundamental science is observed in the 
small specialty foundries than in some of the larger 
production shops. So, in this discussion of education 
and future foundrymen, the writer trusts you will find 
most of it fitting into all foundries. 

It is obvious that the source of all future employees 
has its beginning in our school systems and in any 
appraisal of these systems the magnitude seems im- 
portant. The United States Office of Education 
estimates the 1954-1955 term enrollment in all schools 
at about 38 million and predicts that by 1960, this 
total will reach 46 million. Of this total, 28 million 
were enrolled in elementary schools, 7.5 million in 
secondary schools and 2.5 million in colleges and 
universities. 

Dael Wolfie, in his book American Resources Of 
Specialized Talent, published this year by Harper & 
Brothers, presents statistics on what happens to our 
high school and college entrants. Of all students 
entering high schools, 73 per cent will graduate. Of 
these, 35 per cent will enter college and of all students 
entering college, 59 per cent will graduate. Or, put- 
ting it another way, 21 per cent of all high school 
graduates will graduate from college. This means, 
then, that our largest source of manpower falls in the 
high school age group, but is not available until the 
age of 18 is reached. 

There are three general classifications of education 
with which we should be concerned before we take a 
look at future foundrymen and the materials, ma- 
chines and processes with which they will work. The 
first of these is youth encouragement . . . embracing 
curiosity, attitude and skill. And the environment is 
the home, the elementary schools and high schools or 
so-called trade schools. 


Youth Encouragement Is Essential 


Youth encouragement begins at infancy and con- 
tinues in the home until about the age of six, when, 
in accordance with laws, children must attend school. 
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This is usually a joyous age for the child, but a criti- 
cal time for the parents. It is at this time in life 
where complete responsibility of encouragement is 
partially, and in some cases entirely, relinquished to 
the teachers in our schools. 

We have implicit faith in the ability of our teachers 
to mold the minds of our boys and girls for useful 
citizens. And in our complacency, we become so 
engrossed in the material things of life that the human 
side of things becomes secondary. Every day we read 
about the shortage of adequately trained teachers and 
the lack of school facilities. During the next ten 
years, we will require nearly a million new school 
rooms and that many additional teachers to properly 
man them, according to a recent survey by the Na- 
tional Citizens’ Commission for Public Schools. 


Help Solve the School Problems 

Here are some of the things we foundrymen can do 
to alleviate the shortage problem and protect our 
future welfare: 

1. We can encourage more adequate schools by 
voting for long-time bonds to provide the classrooms 
before they are needed, rather than five years after 
they are needed. We will never catch up with the 
birth rate at the pace we are now proceeding. 

2. We must vote to provide funds so as to increase 
compensations commensurate with other means of 
livelihood in order to induce capable college grad- 
uates to accept teaching as a career. 

3. We can cooperate with educators in improving 
every-day instruction, including the three “R’s”. 

4. We can assist in expanding the manual training 
programs to include the foundry trades and raise the 
dignity prestige of being a skilled craftsman. 

These suggestions are only a few of the steps that 
should be undertaken if we are to have our schools 
staffed by capable leaders with the ability to instill in 
our youth those things so necessary for further edu- 
cation. 

In our elementary schools, from kindergarten 
through the eighth grade, there appear to be many 
different concepts of what should be taught and how. 
Howard Whitman, writing in Colliers (Nov. 29, 1954) 
poses the question of “Why Don’t They Teach My 
Child To Read?”: 

“Two basic teaching methods are in conflict here. One is the 
phonetic approach (known as phonics), the old-fashioned way 
in the view of modern educators. ‘They are likely to call it 
the ‘spit and spatter’ or ‘grunt and groan’ method, satirizing 
the way youngsters try to sound out letters and syllables. 

“The other method which the modernists have put into 
vogue, is the word-memory plan — also known as ‘sight reading’, 
‘total word configuration’ or ‘word recognition’. It has the more 
friendly name of ‘look and say’, since the youngster is supposed 
simply to look at a word and say it right out. He memorizes 
the ‘shape’ of the word, the configuration, and identifies it with 
pictures in his work book. Often he is taught to recognize 
phrases or whole sentences in his picture book, or on flash 
(poster) cards, before he can independently sound out and 
pronounce such simple words as cat or ball. 

“The fundamental difference in approach in the two methods 
reaches deep into philosophy and scientific theory. Thinkers 
have wrangled for centuries over which comes first, the whole 
or its parts (an argument perhaps as endless as that over the 
priority of the ‘chicken or the egg’) . 

“The phonics advocates say the parts come first; the word 
memory people say we start with the whole and the parts fall 
into place in due course.” 





EDUCATION AND FUTURE FOUNDRYME! 


Mr. Whitman concludes this article with this state- 
ment: 

“The debate over sight-reading versus phonics — which come 
first? — is certainly not ended. But from one fact every paren: 
can take heart: more independent thinking and more earnes: 


efforts are being addressed to the reading problem than eve 
before. From this, better reading instruction is bound to come.” 


The same controversies exist in arithmetic and 
writing in different schools and in different localities. 
As a result of these controversies, children as well as 
parents become frustrated and these frustrated people 
may be some of your employees. Perhaps the trend 
back to the teaching of the three “R’s” may be helpful. 
At any rate, the writer holds no brief for any particu- 
lar method of instruction just so long as it encourages 
individualism, stimulates creative thinking and un- 
covers hidden talent, for these are the fundamentals 
that have made our country great. 

Top educators are constantly denouncing the 
counseling and guidance of pupils in the elementary 
schools as being inadequate. They say that this in- 
adequacy in the lower grades accounts for the large 
number of students failing to complete high school. 
Guidance should be an essential part of the work of 
every classroom teacher and not dedicated to a sepa- 
rate service manned by separate staffs. It is obvious 
that the critical shortage of teachers has brought about 
most of the undesirable conditions existing in our 
entire school system. 

While the Foundry Industry will not acquire many 
of its employees from the group under the eighth 
grade level, it is at this level where the mind of the 
mentally alert boy or girl becomes curious. This 
curiosity can be stimulated with less effort at this age 
than at the high school or college level. And here is 
where the AFS, through its Chapters, can do and is 
doing a good job for the Foundry Industry. 


AFS Education Division Function 

The Education Division of the AFS was organized 
in October, 1946, combining the activities of the 
committees on Apprentice Training, Foreman Train- 
ing, Cooperation with Engineering Schools and Youth 
Encouragement. Many of our chapters have done out- 
standing jobs in their respective areas in carrying out 
the youth encouragement program, but others have 
fallen by the wayside in this effort. With full admis- 
sion that any program that has a tendency to stimulate 
a desire in the minds of our youth has a somewhat 
selfish motive behind it, yet we must meet the compe- 
tition of other industries if the Foundry Industry is 
to enjoy future prosperity. How can we accomplish 
this? 

Obviously the answer is by cooperation with the 
teachers, or with counselors if the system utilized in 
your particular community is separated, and pointing 
out to them the possibilities of a foundry career. It 
is the teachers who have a boundless influence in 
stimulating an urge or a desire among our youth to 
do a specific thing. It follows, then, that if enthusiasm 
for the casting process is established in the teacher, 
he will be more likely to utilize this knowledge in 
partially satisfying youthful curiosity by various 


means. 
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Che devious methods of youth encouragement have 
en pointed out by your Society through brochures, 
‘ticles in AMERICAN FOUNDRYMAN, speakers before 
hapters and papers at our annual conventions. To 
urther accentuate this program, an Education Direc- 
tor was added to the AFS Staff, whose job is to co- 
dinate educational activities at the grade and high 
chool levels. 

There appears to be a dangerous gap between the 
period when our educational laws cease to function 
and those which govern employment begin. At the 
age of 16, compulsory school attendance ceases and 
industry employment is not permitted until the age 
of 18 is reached in most states. During this interim, 
boys and girls who do not choose to continue their 
education, find themselves with idle time on their 
hands. Without proper encouragement from their 
parents or compulsion by laws, they seek thrills that 
oftentimes lead them into trouble. How much better 
it would be if they were given an opportunity to learn 
some useful occupation wherein discipline could be 
a part of their training. 

The establishment of “skill” training centers by our 
industries, backed up by proper legislation, could be 
a partial solution to the growing juvenile problems. 
Besides, there is developing an increasing shortage of 
skilled workers due to restrictive labor contracts that 
control in-plant training. We know of the trend in 
big businesses of giving financial support to our 
colleges, for which everyone is appreciative . . . espe- 
cially the non-tax supported schools. But there does 
not seem to be much outside effort or finances avail- 
able to support the development of skills or talents 
which will be in much greater demand than college 
degrees. 

The writer has been told by heads of school systems 
that courses of study are arranged to satisfy demands 
of students and citizens. However, the institution of 
foundry courses in a school system becomes short lived 
if there are no students wishing to take the courses. 
This holds true in high schools, in manual training 
schools and in our colleges. Therefore, we must put 
forth greater effort to stimulate a demand for foundry 
instruction in the lower and high school grades if we 
are to expect a continuation and expansion of the 
science of casting in our engineering colleges. 


»o ~ 


> 


s 


Foundry Educational Foundation Function 
The Foundry Educational Foundation has done 
and is doing a magnificent job in 14 engineering 
colleges. ‘The requests from other colleges for co- 
operation with the Foundation are far in excess of 
its ability to finance at present. Here is a Foundation 
with nearly ten years of experience whose success and 
operation has been watched and partially copied by 
other industries and yet is not fully appreciated nor 
properly supported by the industry which it is directly 
benefiting. Most of you are familiar with its functions 
but the writer would like to point out some of the 
accomplishments of the Foundry Educational Founda- 
tion during its relatively short existence. 
In 1947, when the Foundation initiated its program, 
the value of foundry teaching facilities in the 14 
schools was $830,000. Today, it is over $2,000,000. 
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Full-time teachers amounted to 11; today, 55. There 
were 14 foundry courses available; today there are 
103. The number of engineering departments requir- 
ing foundry course work has increased from 16 to 55 
and the elective from 16 to 88. The percentage of 
engineering students taking casting courses was about 
8.5 per cent when the Foundation began, while today 
about 27 per cent of all engineering students in the 
14 schools take at least the basic courses. This means 
about 6,000 students each year receive some training 
in casting techniques. 

From the statistics just presented, one might con- 
clude that in order to turn out graduate engineers 
with some foundry training, all that is necessary is to 
provide an adequate faculty, a modern foundry and 
student scholarships. But this is far from the facts. 
The trustees of the Foundry Educational Foundation 
would be first to admit that the success of its activities 
has been a psychological one involving, principally, 
attitudes . . . attitude of management, attitude of pro- 
fessors and attitude of students. 

The eagerness of men in our schools to accept the 
cooperation of the Industry Advisory Committees has 
been inspiring and on the other hand, the willingness 
of foundrymen to work with our schools has been 
gratifying. And the students have been quick to sense 
the opportunities presented to them. 

There is much concern among college educators as 
to what should be taught to the engineering student. 
On the one hand are the advocates of specialization 
in the different branches of engineering and on the 
other hand are the advocates of more generalization 
to include the arts and humanities. The trend seems 
to be toward the latter. And this seems logical, for 
in our technological developments there are no de- 
marcations between mathematics, or physics, or chem- 
istry, or metallurgy. The arts and humanities are 
necessary to promote the professional standing war- 
ranted by the engineer. 


Broader Training for Engineers 


With the increasing demand on engineers, much 
thought is being given to the 3-2 plan which involves 
three years in a literary school followed by two years 
in an engineering college. Generalization should come 
first and then specialization by further education to- 
ward advanced degrees or self-acquired through ex- 
perience and practical application. 

One of our greatest scientists, Louis Pasteur, a 
chemist by training, who made his earliest discoveries 
in the realm of molecular structure, had much to say 
about scientific education at the time of his inaugural 
lecture, given in 1854, when he became professor and 
Dean of the newly-formed faculty of science at the 
University of Lille: 

“We shall not forget that theory is the mother of practice; that 
without it, practice is but the routine resulting from habit; and 
that theory alone gives rise to and develops the spirit of inven- 
tion. It will be especially up to us not to share the opinions of 
those narrow minds who disdain, in the sciences, all that has no 
immediate application.” 


The philosophy of Pasteur has lasted through the 


ages. Our great universities and colleges are doing 
well in developing talents of individuals to the extent 
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of their ability in time, space and economics. When 
an engineer leaves college with a degree or degrees 
after four to six years of the most intensive study and 
training of his lifetime, he is not too amenable to 
embark upgn another long training period ‘1 a par- 
ticular plant in order to learn their ways of applying 
the basic engineering knowledge he has already ac- 
cumulated. It would seem to the writer that we could 
logically call the initial employment period — The 
Opportunity Period. 

An opportunity for management to study the young 
man on the one hand and on the other hand, an 
opportunity for the young man to display his talents 
and creative thinking. 

We must treat every engineer as being different in 
so many ways, for no two people are alike. Dr. Ralph 
Lee, points this out understandingly in his book, Man 
to Man On the Job. 

People in many respects are like the metals with 
which we deal. There is no true substitution of one 
basic element for another. The writer must confess, 
however, that in this Atomic Age, scientists are 
changing so many of our concepts of Nature and the 
physical world about us, that we are confused. And 
so is the young engineer confused when he enters 
your employment. Not because of the lack of basic 
knowledge, but because of the habits, the customs and 
the developed skills he observes about him in the new 
environment. So, give him an opportunity to make 
his own mistakes rather than teach him to repeat 
yours, for they may be less damaging than yours and 
lead to greater developments and improvements in 
your operations than what you expected. 

Because of the differences in people, there should 
be no specified time limits for this opportunity period. 
It can be judged only by others with whom he comes 
in contact. Make sure that he has many contacts with 
the key men in your organization so that they may 
obtain an overall picture not only of his technical 
knowledge but of his ability to apply and share his 
knowledge with his associates as well as to learn from 
them. 


Problem of Management 

Our immediate foundry problems are not concerned 
as much with the incoming graduate engineer as they 
are with the existing supervision in our foundries. 
The transition from an art to a science has been so 
rapid that supervision in many foundry departments 
has not been able to keep up with the technological 
developments and as a consequence, their attitude 
toward the engineer’s thinking may not be too re- 
ceptive. Top management has a diplomatic job ahead 
in bringing about a change in attitude of supervision 
down the line if they expect to retain the engineer 
and be listed among the progressive foundries in the 
future. 

There are many ways of strengthening the weak 
qualifications and developing the missing qualifica- 
tions not only in existing supervision but also in the 
high school graduate and the engineer most recently 
employed. First they should be encouraged to join a 
technical society (AFS, of course) and attend regular 
meetings. Time and expense allowance by Manage- 
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ment are the principal means of encouraging em- 
ployees to become active in Society work. In return 
for which some companies expect reports on what 
new things are learned that are applicable to their 
own advantage. Membership on committees and the 
preparation and presentation of papers are sources 
of new information of equal value to both the com- 
pany and the employee. 

We need not necessarily confine an individual's 
membership to one society, especially if he shows an 
aptitude for a specific phase of the Casting Industry. 
In fact, all technical societies have one fundamental 
function “that of education” or the dissemination of 
knowledge among its membership. However, each 
society is more proficient in the particular field for 
which it was organized. 

Another way of strengthening weak qualifications 
or developing the missing qualifications in potential 
leaders is through correspondence courses. These can 
be partially, wholly, or non-subsidized, depending on 
circumstances. According to Hugh L. Sharp (Chemi- 
cal Engineering, December, 1954, page 222), there 
are over 400 correspondence schools of which about 
150 are connected with colleges or universities. Every 
imaginable course is offered through the mail, ranging 
from hobbies to advanced sciences. They can be used 
as incentives for young men who, because of reasons 
beyond their control, were not able to continue their 
education or for older men with ambitions to keep 
up with the ever-changing technologies. 


A Technical Library In Each Foundry 


Every foundry should have a library. The size is of 
little consequence, but the quality is important. In 
all probability, the Management of most foundries 
subscribe to the industry trade journals, which in 
some cases are circulated down the line but in others, 
they do not get to the potential foreman. The AFS 
TRANSACTIONS is not Only a record of progress in the 
foundry and its allied industries, but contains a fund 
of knowledge for the inquisitive employee. Other 
books published by AFS should be made available to 
all employees. A few general engineering handbooks 
could well be the means of avoiding the hazardous 
guesses frequently seen. 

By observation or a casual study of the withdrawal 
slips, if used, management would uncover hidden 
talent that might otherwise go unnoticed. Of further 
importance is the possibility that the employee has a 
son in the curious age and he may become interested 
in casting processes. 

The writer recognizes that many companies publish 
plant periodicals (house organs) of interest to families 
of their employees, but there are many that do not 
have any take-home pamphlets. This could be a 
worthwhile project for our Society. 

In the “President’s Annual Address’ before this 
Society on May 9, 1946, in Cleveland, the writer had 
this to say about education and the future foundry. 


“From the first days of its organization, the Association (it 
was then the AFA) has cooperated in the problem of training 
men from the elementary stages of apprenticeship through to 
compiling and disseminating information constantly sought by 
students and teachers alike. By providing apprentice awards, it 
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s recognized and given impulse to the importance of training 
young men in the art and science of founding. The great de- 
velopments stimulated by the requirements of war, already are 
projected into peacetime production. It seems only logical that, 

challenges from developments in other industries appear, they 

il stimulate developments in the science of casting. 

‘Although they might now seem fantastic, gasless cores and 
molds, waterless binders, fireless melting units, castings that 
require no cleaning and with dimensional tolerances close to 
machining tolerances, all appear possible. 

“Mechanical equipment in industry will parallel similar de- 
velopments in the future home.” 


In this short space of time (under 10 years), we 
have advanced far beyond those meager prophesies 
and we are being guided through research towards 
future developments in the Casting Industry that are 
difficult for many of us to comprehend at present. 

At this point, let us remember that tomorrow today 
becomes yesterday and take a glimpse into that future 
foundry and attempt to recognize the people who 
will be operating it. 


The Future Foundry 

So far as the writer knows, there are no architectural 
drawings for the foundries of 1960 or 1970, nor are 
there any statistics available. We can, however, do a 
little prognosticating if by so doing we might stimu- 
late progress. 

The writer would like to think of our future 
foundries as casting plants or casting shops, for the 
simple reason of avoiding the misconception which 
altogether too many people still have of our industry. 
This misconception, no doubt, developed years ago 
when there was no engineering or science involved 
in the casting process, but simply skill and hard labor. 
In all probability, most of the plants will not look 
much different from the outside than they do today. 
Some, no doubt, will take on the so-called “futuristic” 
appearance of our more recent buildings, surrounded 
by well-kept landscaping and free from smoke, noise 
and odors. 

On the inside, there will be many changes in all 
departments, particularly in materials handling which 
involves liquids, solids and gases, and to complicate 
matters, a large portion of them must be handled at 
elevated temperatures. It has been estimated that 
upwards of 200 tons are handled to produce one ton 
of finished castings varying, of course, with the prod- 
uct. The writer knows of no figures showing the 
horsepower or human power used in producing a ton 
of castings. But by using the engineering formula -- 
one horsepower equals the steady work of 20 men — it 
is not difficult to foresee that there will be more 
“horses” and fewer men. 

In our Casting Industry today, we spend about 30 
per cent on an average of our total labor costs just in 
handling materials. Only a small portion of this is 
generated, in handling the metals which are contained 
in the product you sell, but mostly in handling the 
indirect materials that enter into the process. And 
then there are the by-products for which there is no 
monetary return that build up handling costs. 

When you and the writer went to school, we were 
taught that the source of all energy was from the 
sun’s rays and exemplified itself in the form of muscu- 
lar energy of humans and animals, in flowing water, 








in burning fuel and in moving air. But with the more 
recent discovery of the energy of the atom and its 
control by our scientists, we can no doubt look for- 
ward to its applications in the Casting Industry. 
Most of the work done in the handling of materials 
is necessitated to overcome the force of gravity. For 
this reason, the writer does not think it is too far- 
fetched to suggest that the future engineers might 
design the handling system first and then build the 
processes and plant into and around the system, 
thereby letting old man gravity help reduce produc- 
tion costs. 


Raw Materials Used In the Foundry 


There is no doubt in my mind but that our future 
materials will be different and less of them required. 
During the last few years, we have witnessed great 
progress in the field of core and mold binders. Resins, 
organic polymers and other organic compounds are 
now in considerable use. There are great possibilities 
in the inorganic polymers as well as in combinations 
of the organic and inorganic compounds not the least 
of which are the silicones. Gaseous binders are within 
the realm of possibilities. We already have the carbon 
dioxide process. 

The tremendous strides being made in the knowl- 
edge of ceramics, cermets and other high temperature 
refractories, lends confidence that they will shortly 
find their way out of specialty fields into the general 
Casting Industry. 

Further improvements in the blending and prepara- 
tion of natural sands can be anticipated as the mold- 
ing and core making methods change and as more of 
the science of heat flow is applied. 

Fuels, fluxes, and metals are due tor many changes 
during the next decade. 


Equipment and Processes 


It is not original to say that the handling of mate- 
rials by anything other than human hands involves 
equipment. Management in the Castings Industry has 
been fortunate over the years in that they have had 
available unlimited talented specialists in all branches 
of engineering through the progressfve equipment 
manufacturers and material suppliers. They have 
designed standard equipment and more often than 
not, special equipment to meet specific requirements. 
However, equipment must be coordinated and syn- 
chronized in order to derive the greatest efficiency. 
It is in this respect that the trained engineer can be 
of the most service. 

It was in 1903 when Dr. Richard Moldenke, writing 
for the AFA Journal under the title of “The Future 
of the Foundry Industry”, said that: “The solution of 
the whole future of the foundry lies in the molding 
machine and men with all-around foundry education.” 
He mentioned the molding machine in particular 
because it was during that time when the journeymen 
molders were resenting the inroad upon their art. 
The introduction of automation in the last few years, 
on the contrary, has had a good reception. Push- 
button molding machines and coremaking machines 
are here to stay and no doubt can be expected to 
expand to many applications. 








Developments in machines and techniques has made 
possible the blowing of green sand molds successfully. 

Diaphragm molding will probably exceed all ex- 
pectations a few years hence. This type of molding 
is a forward step in eliminating noise and vibration 
fatigue causes in casting plants. Advances in the shell? 
molding process have been phenomenal and present 
researchers will have many new discoveries for release 
in the near future. 

The magnitude of the materials handling problems 
can be explained best by estimating tonnages handled 
during the last three years. Total castings produced, 
ferrous and non-ferrous, during 1952-53 and ’54, 
according to statistics published in The Foundry, 
April, 1954, was 48,601,363 net tons or an average of 
16.2 million tons per year. If we assume we handle 
100 tons of materials to produce one ton of saleable 
castings, that means we handled 1.62 billion tons of 
materials per year. If these figures sound unreasonable 
to anyone, just take some time to follow how many 
times you handle the sand required to make a ton of 
saleable castings from the point where it enters your 
plant until it is made ready for the next ton of cast- 
ings. And if you are operating a cupola, don’t forget 
it takes a long ton of air to melt a short ton of iron. 
In many cases the air is again handled on the way out, 
because of smoke and dust ordinances. 

(Incidentally, the consumption of castings for every 
person in the United States averaged 203 pounds per 
year for the period mentioned. By 1970, foundries 
will be producing castings at the rate of about 25 
million tons per year.) 

In most foundries a scrap casting is handled many 
times more than a good casting. So, just from the 
cost of handling alone, do not make scrap. 

The mechanical devices for handling inanimate 
materials are so different and so numerous that the 
writer cannot even attempt to classify them. Some 
are simple and some are complicated engineering 
masterpieces. Research and invention has made it 
possible to do mechanically practically everything 
that can be done by the human hand and usually 
better. As, in the past, the necessities of war brought 
about many of the newer developments in mechanical 
computation and control that are finding their way 
into our everyday processes. 


Manual Not Mental Effort Decreased 
By Industrial Mechanization 


While all of these developments trend toward 
elimination of human horsepower, none of them re- 
duce mental effort. As a matter of fact, they increase 
the demands for mental effort. It is simple to measure 
human effort in terms of mechanics, but impossible 
to measure mental effort in terms of any present 
known standard. That which we need most in any 
industry and particularly in the Casting Industry, is 
mental work. To obtain this, we must have people 
with a capacity for doing mental work and completely 
divorce the old axiom of “A strong back and a weak 
mind” from our thinking as to one of the require- 
ments for employment in our industry. 

The principal objective of any educational system 
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is the training of an individual to think and to do 
creative thinking for the benefit of all mankind. With 
more and more thinkers entering the Casting Indus- 
try, our mechanical handling of inanimate materials 
will be well cared for. 

How about the handling of animate things — 
people? The writer discussed this to a limited extent 
earlier in this paper, but the engineering of human 
behavior requires far more thought and consideration 
than has been exemplified in many instances in the 
past. In our struggles for economic supremacy 
through mechanization, we must not forget that 
“pride of accomplishment” is the inherent thing in 
all individuals which inspire them to greater en- 
deavors. So, encourage pride, for it is the open road 
to more friendly operations. 


Application of Metallurgy In the Foundry 


Finally, the writer will devote some attention to 
the science of metallurgy as it applies now and will 
be applied to a much greater extent in the future. 
Only a few years ago, metallurgy was thought of as 
being the art and science of separating metals from 
their ores as found in Nature. Now we think of it 
as a science embracing, in addition, the refining, 
alloying, shaping and treating of metals to produce 
commercial articles with optimum mechanical and 
physical properties. As such, it embraces all the basic 
engineering sciences and every foundry becomes a 
laboratory wherein the knowledge of the laws of 
chemistry, of physics, of thermal dynamics, of hy- 
draulics, etc., govern the quality of its output. 

Even now the nuclear physicist has his foot in the 
door and there is every reason to believe that he will 
come up with the solution to many of our perplexing 
problems. 

The casting process is the shortest path between 
Nature and a useable product and along this path 
nearly all metals must travel before they can be fabri- 
cated and become useful. We could call it a “thermal- 
liquid” path if we except mercury, because all other 
metals are in the solid state at normal atmospheric 
temperature and pressure. 

Copper was the first metal used by mankind because 
it was found pure in Nature and required no thermal 
treatment to make it useable. Shortly after the dis- 
covery of copper, cast iron came into use. Reduction 
of iron oxide with burning wood probably represents 
the beginning of metallurgy, which dates back some 
6000 years. In 1937, Dr. P. D. Merica, in his Howe 
Memorial Lecture, dubbed cast iron as the “Cinde- 
rella” of materials. And truly it was then, but more 
so today, because during that short space of eleven 
years, it was discovered how to control the shape of 
the carbon so as to impart ductility to a family of 
alloys that had always been considered brittle. Today, 
we know how and tomorrow our scientists will tell us 
why the carbon takes the shape of a sphere. 

At the present time, about 80 per cent of the total 
tonnage of all castings made, fall into the gray iron 
families because of versatility and economics. Al- 
though the future of the gray iron industry appears 
bright, the writer would like to cite a pessimistic note. 
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f the automotive industry follows the trends in the 
iviation industry, and he thinks it will, then we can 
ook for “pin wheel” engines to replace piston engines 
n the not too distant future. When this happens, a 

»t of gray iron castings will be discontinued and will 
e replaced by alloys more suitable in mechanical 
properties at elevated temperatures. These alloys will 
be cast by improving melting and molding methods. 

The metallurgy of these high-temperature alloys 
has been one of make and test. More recently the 
application of vacuum melting has shown the way 
for obtaining much better properties and a higher 
degree of certainty in duplicating them. 

Dr. T. Keith Glennan, president of Case Institute 
of Technology, Cleveland, speaking before the annual 
F.E.F. Conference Banquet earlier this year, said that 
“recent information from Germany indicated that a 
150-ton vacuum casting was made, and while this may 
still be considered experimental, it points the way to 
the future.” 

With the unquestionable advent of the gas turbine 
in automobiles and other applications, many of the 
parts will be made as castings and both metallurgical 
and dimensional tolerances will necessarily be held 
closer than at present. To do this will require further 
developments in investment casting, shell molding, 
mercury molding and probably new methods not yet 
disclosed. 

The newest metal, titanium, not yet out of the re- 
search stages so far as methods of fabrication and uses 
are concerned, no doubt will add to the possibilities 
in the Casting Industry. New developments in copper- 
base, aluminum-base, and magnesium-base alloys wiil 
enhance their uses as castings in many fields. 

Pearlitic malleable iron, special purpose high alloy 
cast steels, and ductile iron all add encouragement to 
the Casting Industry. 

Besides, we can look forward to many unknown 








combinations of elements in the future because the 
scientists have provided the metallurgist with new 
tools that tell him the how, the what and the why of 


metal behaviors. These tools have become well 
established in research laboratories and in many of 
our more progressive casting plants. To name some: 
— the spectrograph, the electron microscope, the x-ray, 
radioactive cobalt “60” and tracer elements, the Geiger 
counter, residual stress analysis equipment, electronic 
gadgets, etc. But the greatest tool of all is thought, 
and creative thought is the conveyor upon which the 
ingredients of education must ride to achieve success. 
And success is measured in benefits to our industry, to 
our communities and to our nation. 


Future Foundrymen 


Future foundrymen will be somewhat different in 
that they will have at their command new techno- 
logical developments and of necessity they must have 
education in the sciences governing these develop- 
ments. Nevertheless, in this transformation from an 
art to a science, we must still look upon skill and 
science as a happy union and avoid some of the 
attempts to divorce them completely. There is danger 
ahead if we drift too far in one direction, for no gear 
or even an electron gadget has yet been developed that 
can be substituted for brains when something goes 
wrong. 

So, in our planning for the future, let us strive to 
uncover the talent that is inherent in all people and 
if we provide educational facilities for these talents, 
we need have no fear for our future prosperity. Atti- 
tude, along with knowledge and its application, paves 
a road to success without shadows, but with possible 
discouragements that are readily overcome by ambi- 
tion. 

“CHANCE FAVORS ONLY THOSE MINDS WHICH ARE PRE- 
PARED” (Pasteur) 








RISERING OF GRAY IRON CASTINGS 


Progress Report No. 6 


By 


E. J. Sullivan, Jr.,* C. M. Adams,** and H. F. Taylor*** 


ABSTRACT 
Continued theoretical and experimental studies of 
the shrinkages of various gray irons have consolidated 
understanding of the effects of carbon, silicon and other 
elements on shrinkage behavior, and have clarified the 
interrelationship between shrinkage, graphite structure 
and mold dilation. 


Introduction 

During the fifth year of research on Risering Gray 
Cast Iron, under sponsorship of the AFS, the prime 
objective has been a consolidation of gains, con- 
firmation of data obtained in previous years, and 
collection of new and more practical data using im- 
proved apparatus. The following is a report of the 
salient new information obtained in 1954. A more 
complete statement of the current state of knowl- 
edge concerning solidification, shrinkage and risering 
of gray iron, as developed in the five years’ study, 
is being submitted concurrently as a separate docu- 
ment. 

The apparatus for measuring shrinkage has been 
improved both as to accuracy and speed of opera- 
tion. Data have been collected on irons selected by 
the Gray Iron Research Committee (Table 1) as 
representative of the important commercial compo- 
sitions, and based upon a more typical pig iron than 
Chatuguay; the results of these measurements con- 
stitute the bulk of this presentation. Further con- 
firmatory observations have also been made of the 
interactions between metal and mold, and also of 
the graphite structure of irons as related to shrink- 
age. 

The time-temperature-shrinkage curves evolved in 
making measurements have revealed nothing new 
and so are not recorded; these curves corresponded 
closely to those presented in earlier reports.!»? Instead 
of presenting data of such exhaustive detail, em- 
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TABLE 1 — NOMINAL COMPOSITIONS SELECTED 
FOR SHRINKAGE MEASUREMENTS 








TL..% F.% Ma.G P.% S,% 
Standard 3.3 2.0 0.60 0.15 0.10 
Low Carbon 3.0 2.0 0.60 0.15 0.10 
High Carbon 3.6 2.0 0.60 0.15 0.10 
Constant Carbon 
Equivalent 
(High Silicon) 3.0 2.9 0.60 0.15 0.10 
(Low Silicon) 3.6 1.2 0.60 0.15 0.10 
High Manganese 3.3 2.0 1.50 0.15 0.10 
High Phosphorus 3.3 2.0 0.60 0.60 0.10 
High Sulphur 33 2.0 0.60 0.15 0.40 





phasis was placed on obtaining end shrinkage values 
(with improved accuracy) for selected compositions. 
In addition, the theoretical relationships presented 
in 19541 have been greatly simplified and have 
been used to aid in interpreting results. The sim- 
plified restatement of the theory helps clarify the 
specific influences of carbon and silicon upon shrink- 
age behavior. 

It is significant that none of the results appear 
inconsistent with earlier findings, but instead support 
and extend the pattern of behavior which has grad- 
ually taken shape over this five-year period. 


Experimental Procedure 

A. Apparatus. The apparatus for measuring 
shrinkage is substantially the same as described in the 
previous report, and is shown in Fig. 1.1 The Ames 
dials for observing mold wall movement were not 
employed in this series of measurements, since dry 
sand was used in almost all tests, and mold wall 
movement was too slight to be accurately observed. 
The furnace containing the gage-riser was modified 
so the winding could be used more than once, and 
resistance heating has, more recently, been success- 
fully replaced with exothermic materials. 

B. Melting Practice. The 75-lb charge was based 
upon roughly 50 per cent pig iron (4.5 per cent 
carbon, 0.75 silicon, 1.34 manganese, 0.14 phosphorus, 
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Fig. 1— Apparatus for measurement of shrinkage. 


and 0.03 sulphur) and 30 per cent synthetic iron 
(Armco iron and lampblack carbon) to which ferro- 
alloys were added initially or at the start of a 10- 
minute holding period. The metal was induction 
melted in a clay-graphite crucible, held at 2750 F 
for 10 minutes, cooled to 2500 F and poured; spe- 
cial inoculants were not used. 

C. The Mold. Washed silica sand, AFS fineness 
number 80, was bonded with 4 per cent each of 
western bentonite and water, 14 per cent cereal, and 
4 per cent dextrine. Unless otherwise stated, molds 
were dried at 350 F for 12 hours and cooled to room 
temperature before use. 
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D. Procedure. The riser furnace was preheated 
and maintained at 2250 F for over 10 minutes, and 
positioned on -the mold immediately before pour- 
ing. The heating element was on throughout solidifi- 
cation. The metal was poured to a height of 814 
inches in the riser, and the preheated graphite float 
assembly was placed immediately upon the metal. 
Time was recorded for each 4,-inch drop of the 
float until the recording thermocouple indicated so- 
lidification was complete. 

E. Compositions. The nominal compositions stud- 
ied are presented in Table 1. It may be seen that 
carbon and silicon were varied systematically, with 
manganese, sulphur, and phosphorus held constant. 
Sulphur, manganese, and phosphorus were then add- 
ed singly. Special effects, such as those of post-inocu- 
lants, were eliminated from this series of measure- 
ments. 

Experimental Results 

Results of shrinkage measurements executed on 
the compositions listed in Table 1 are summarized 
in Table 2 and Figs. 2, 3, and 4. As a framework 
for comparison, theoretical shrinkage values are pre- 
sented, based upon relationships derived in a pre- 
vious report. These theoretical relationships are re- 
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Fig. 2 — Total solidification shrinkage as a function of carbon 
content. 


TABLE 2 — COMPOSITIONS AND SHRINKAGE OF SEVERAL IRONS 














Carbon Experimental Theoretical 

Type Analysis, % Equivalent Shrinkage Shrinkage 
C Si Mn P S Primary Eutectic Total Primary ‘Total 
Standard 3.41 2.07 0.56 0.13 0.19 4.10 0.74 -0.11 0.63 0.39 0.34 
Low Carbon 3.16 2.06 0.56 0.15 0.20 3.85 1.67 -0.13 1.54 0.99 1.07 
High Carbon 3.63 2.02 0.52 0.15 0.10 4.30 0.14 -0.21 -0.07 0 -0.22 
High Silicon 3.05 3.09 0.55 0.13 0.10 4.08 0.68 -0.30 0.38 0.43 0.93 
Low Silicon 3.85 1.26 0.60 0.07 0.04 4.27 0.26 -0.42 -0.16 0.06 -0.52 
High Manganese 3.33 1.93 1.83 0.13 0.10 3.97 0.57 -0.27 0.30 0.68 0.63 
High Phosphorus 3.16 2.12 0.55 0.63 0.10 3.87 0.36 -0.18 0.23 0.93 1.03 
High Sulphur 3.03 2.00 0.43 0.12 0.47 3.70 0.57 -0.07 0.49 1.13 1.26 


Theoretical Primary Shrinkage = 0.00165 (*FR) + 7.29 — 1.70 C — 0.57 Si 
Theoretical Total Shrinkage = 0.00165 (*FR) + 8.39 — 2.25 C — 0.22 Si 


Eutectic Expansion 


= 0.55 C — (1.10 + 0.35 Si) 


*Freezing Range from Liquidus to Eutectic, F 
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peated in the Appendix, and, in a greatly simplified 
form, at the bottom of Table 2. In Figs. 2 and 3, 
total and primary shrinkage values are presented, 
respectively, as functions of carbon content. In ad- 
dition to experimental points and the theoretical 
(2 per cent silicon) lines, a dashed line is drawn 
connecting those points obtained by varying carbon. 
All experimental points shown in Figs. 2 and 3 were 
obtained at approximately 2 per cent silicon. 

Comparison of the dashed and theoretical lines 
reveals a difference in slopes; in other respects, agree- 
ment is good. The carbon series points conform to 
straight lines in both figures, and in Fig. 3, the 
dashed line extrapolates to zero primary shrinkage 
at the eutectic composition. Inasmuch as the slopes 
of the theoretical lines involve several physical con- 
stants, none of which are precisely known, the dashed 
lines are probably more accurate for untreated irons 
containing 2 per cent silicon and less than 0.20 per 
cent phosphorus or sulphur. Probable sources of er- 
ror in the theory are the assumed values for liquid- 
to-solid shrinkage of austenite and relative densities 
of graphite and austenite. 

The difference between the dashed and solid lines 
is greater for primary than for total shrinkage. Both 
the measured primary shrinkage and measured 
eutectic expansion are larger than theoretically ex- 
pected, and compensate each other when summed 
to obtain total shrinkage. This behavior is probably 
related to supercooling. As the eutectic temperature 
is reached upon cooling, the alloy consists of solid 
austenite and liquid. As cooling continues, more 
solid austenite forms before graphite starts to nu- 
cleate. Thus supercooling has the effect of extending 
the primary solidification below the eutectic, and 
supersaturating the liquid with carbon. When graph- 
ite finally nucleates, expansion is more pronounced 
and abrupt as the “excess” carbon is precipitated. 

A. Effects of Carbon and Silicon. The amount 
of shrinkage exhibited by an iron is not a simple 
function of carbon equivalent, as is widely believed. 
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Fig. 3— Primary solidification shrinkage as a function of 
carbon content. 
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Fig. 4— Freezing range as a function of carbon equivalent. 


Carbon is much more effective in reducing shrink- 
age than is silicon. Consider the high and low silicon 
irons listed in Table 2. Both have carbon equivalents 
greater than 4 per cent and yet one expands and 
the other shrinks, a fact predicted theoretically and 
observed experimentally. The relative effects of car- 
bon and silicon can be read from the equations 
listed under Table 2. First, it is clear that increasing 
either silicon or carbon reduces primary and total 
shrinkage. However, carbon is ten times as effective 
as silicon in reducing total shrinkage and three times 
as effective in reducing primary shrinkage. The ex- 
planation is that silicon has an adverse effect upon 
expansion of the eutectic. High-silicon, low-carbon 
eutectic irons shrink while high-carbon eutectic irons 
expand. 

Note that all compositions tested exhibited eutec- 
tic expansion experimentally, but only half of them 
were expected to, theoretically. This observation is 
attributed to the delayed precipitation of graphite, 
alluded to above. Those irons which exhibit little 
primary shrinkage (i.e., the high carbon equivalent 
irons) show good agreement between predicted and 
measured eutectic expansion, because supercooling 
has much less influence. 

The effect of silicon variation predicted was great- 
er than that observed. The high-silicon iron shrunk 
0.54 per cent more, totally, than the low-silicon iron 
(which actually expanded) . The difference predicted 
was 1.15 per cent. The effect of silicon on primary 
shrinkage was very close to that predicted, confirm- 
ing the hypothesis that primary shrinkage is related, 
simpl;, to carbon equivalent. 

B. Effects of Sulphur, Phosphorus and Man- 
ganese. Sulphur, phosphorus and manganese reduced 
total measured shrinkage far below predicted values, 
and had an influence on the graphite structures pro- 
duced. Three structures are shown in Fig. 5 and 
confirm a conclusion formed earlier! that coarse 
well-delineated flake structure is associated with high 
shrinkage. 

Since the densities of irons produced are not de- 
pendent upon structure! the gross shrinkage varia- 





awe Sele ES SlCUD 


‘¥ 


~——lCrrrUOCU 





. J. SULLIVAN, JR., C. M. ApAMs, AND H. F. Taytor 





High Sulphur 


SPANO 
\~ os \/ “ 


z- 
a“! 











) - 
~ fe 





High Manganese 


Fig. 5— Influence of sulphur and manganese on graphite 
flake structure. 
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tions appear to warrant a mechanical rather than 
metallurgical explanation. It is felt the differences 
stem from variations in mold dilation which are too 
small to be detected accurately. A 0.00l-inch varia- 
tion in mold diameter would cause a fluctuation of 
0.1 per cent in measured shrinkage, and 0.01 inch, 
1 per cent, for the pattern used. The new volume 
generated by the graphite as it precipitates may be 
spent in two ways: (1) it may act entirely upon 
the liquid to reduce shrinkage or (2) it may act 
partially upon the surrounding hot, plastic austenite, 
and subsequently the mold cavity itself, to physically 
enlarge the casting. In the latter case, observed riser 
shrinkage would, of course, be greater, since some 
of the expansion would be “wasted”. Apparently the 
finely dispersed graphite associated with sulphur, 
phosphorus and, to a lesser extent, manganese, is 
more efficient in compensating liquid shrinkage. 

There is some evidence that the mechanical effect 
of graphite expansion is related to eutectic super- 
cooling. The more supercooling, the more solid is 
the casting when graphite is finally precipitated, and 
the less chance there is for the graphite to push 
exclusively on the liquid. Of the irons tested only 
those containing sulphur, manganese and phosphorus 
exhibited less measured primary shrinkage than pre- 
dicted—this is interpreted as reflecting less eutectic 
supercooling of these alloys. Powerful deoxidizers, on 
the other hand, have been observed to increase 
shrinkage, supercooling, and coarseness of graphite. ! 

In Figs. 2, 3, and 5 it may be seen that the man- 
ganese iron is intermediate between the high sulphur 
iron and the standard iron as to both graphite struc- 
ture and shrinkage. The graphite structure of the 
sulphur and phosphorus irons were substantially 
identical, and, in Figs. 2 and 3, a line connecting 
these irons would parallel the theoretical line. 

C. Auxiliary Tests. Although practically all of 
the work done in 1954 was aimed at collecting 
metallurgical information, and hence was performed 
in dry sand molds, some special tests were performed 
to shed more light on the nature of green mold 
dilation, observed in earlier studies. 

Since cast iron freezes over a considerable tem- 
perature range, an entire sand casting exists in a 
semi-solid state for some time after pouring. The ob- 
served dilation of a green sand mold could, in prin- 
ciple, result from a simple combination of heat and 
ferrostatic pressure. The question arises as to whether 
any further “push” is provided metallurgically by 
the graphite. To answer this, tin bronze (an alloy 
with a wide freezing range, but no graphite) was 
poured into green and dry sand molds, and shrink- 
age measurements were made and compared with 
corresponding iron castings. The difference between 
green and dry sand shrinkage was much greater for 
cast iron than for bronze indicating a _ positive 
“push” was present in the case of cast iron. The re- 
sults are shown in Table 3. 

Additional tests were also performed on untreated 
cast iron using green natural sand and air-dried green 
synthetic sand. These results are also shown in Table 
3. Synthetic sand, air dried, resists dilation almost 
as well as that which has been oven dried. Natural 
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Taste 3— Torat SHRINKAGE VALUES IN 
SPECIAL TEsTs 
Baked Synthetic Synthetic Green 
Synthetic Green Air Natural 
Sand Sand Dry Sand 
Bronze 4.13 4.54 


Gray Iron Standard 0.63 3.00 0.48 1.55 





green sand exhibits appreciable dilation, but less 
than synthetic green sand. 


Conclusions 

1. Carbon is much more effective than silicon in 
reducing total shrinkage. Primary shrinkage is a func- 
tion of carbon equivalent, but total shrinkage de- 
pends more heavily upon total carbon content. The 
measured effect of silicon on total shrinkage is less 
than that predicted theoretically. 

2. Shrinkage is related to the structure as well as 
the amount of graphite. Thus, high sulphur or phos- 
phorus irons have a finely dispersed graphite struc- 
ture and exhibit less shrinkage than irons which 
have a coarse graphite structure. Manganese reduces 
shrinkage somewhat and refines graphite structure, 
but not as much as sulphur or phosphorus. 

3. Differences in shrinkage behavior may bear a 
relationship to eutectic supercooling and mold dila- 
tion. Increased supercooling has been associated with 
(a) increased measured primary and total shrinkage, 
(b) late precipitation of graphite, (c) coarse graph- 
ite structure, and (d) probably increased mold dila- 
tion. 

4. High silicon, low carbon eutectic irons shrink 
while high carbon, !ow silicon eutectic irons expand. 

5. Theoretical relationships, presented in a_pre- 
vious report! have been simplified to linear func- 
tions of carbon and silicon contents. The accuracy 
of the coefficients depends upon existing knowledge 
of the relative densities of graphite, austenite, and 
liquid iron at high temperatures, and precise infor- 
mation on the effect of silicon on the iron-carbon 
diagram. 
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6. Mold dilation in green sand molds results large- 
ly from the expansion associated with solidification 
of cast iron and is not a simple ferrostatic phenom- 
enon. Air drying of synthetic green sand bonded 
with western bentonite contributes enough rigidity 
to resist dilation almost as effectively as a mold 
dried at 350 F. 

APPENDIX 

The following relationships have been derived 
from a simple material balance on the solidification 
of gray iron, and were presented in an earlier re- 
port.1 They are repeated here for reference: 

—— 
1+ 16.5 + 10-6FR 
“ (100 = 82 | [3.3 (C—Y) + (100—©) ] 


Total shrinkage (%) = 200 — 


100 — Y 
Primary shrinkage (%) = (#35, ch) 
—— i} .<_ 
39 +7 + 16.5 « 10-6 FR 
16.5 * 16-6 = average volumetric coefficient of ex- 


pansion for liquid metal and aus- 
tenite, (°F) -1 


FR = freezing range, liquidus to eutectic, 
°F 
3.9 = per cent shrinkage associated with 
solidification of austenite 
C = per cent carbon 
Y = per cent carbon soluble in austenite 
= 2.0 — 0.1 (per cent silicon) 
3.3 = ratio of density of austenite to density 
of graphite 
4.3 = per cent carbon in eutectic iron car- 
bon alloy. 
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RANGE OF EFFECTIVENESS OF CHILLS 


By 


Victor Paschkis* 


The foundryman uses chills to provide locally a 
more rapid solidification of a casting compared with 
other parts of the casting, which are covered by sand. 
If a chill does not cover one complete face of a cast- 
ing, but only a part of a face, the chill will at different 
parts of its surface have varying degrees of effective- 
ness as regards solidification of the casting. Shortest 
times are reached under the center of the chill, with 
increasing length of solidification toward the edges. 


In order to explore these relationships a casting was 
studied, consisting of a large slab. At the center of 
two opposite surfaces chills were applied symmetri- 
cally. Each chill was made up of a cylindrical disk. 

All investigations were made by computation, as 
previously described, and refer to a steel casting, a 
cast iron chill, and a sand mold. For reasons explained 
in the Appendix the results should be considered as 
indicating order of magnitude. Accuracy is best at 
the casting surface and decreases toward the center of 
the casting. 

Work was carried out for a casting thickness of 2 in. 
But results can be interpreted for any casting thick- 
ness, because only the ratios of dimensions govern the 
process. 

In foundry practice the term “‘sufficient chill’ is 
frequently used, indicating a minimum chill thickness 
beyond which no shortening of solidification times is 
achieved. It will be shown that this term is too vague. 
Different values of minimum thickness are achieved 
with different diameters of chills, and also depending 
on the position in the casting which is of interest. 

Directly under the edge of the chill the require- 
ments are different from that under the center. And 
if the chill is used to provide rapid skin formation a 
different chill thickness will prove to be “sufficient” 
than if the chill should provide rapid freezing to the 
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center of the casting. Finally, and obviously, the 
thickness of the casting influences the value of chill 
thickness which would prove “sufficient.” 

As frequently in considering solidification problems 
a large number of factors control the process and 
make analysis cumbersome. But the patience of the 
foundryman who will struggle to understand the 
problem will be more than repaid by better castings 
he will produce. 


Solidification Time 


At great distances from the edge of the chill, the 
latter is obviously powerless; the casting at such point 
freezes in the same length of time, as if no chill would 
be applied. For example, point A, in Fig. 1 is far 
enough from the chill, to obviate any influence of 
the latter. The question is, how big the distance a 
(Fig. 1) must be to make the influence of the chill 
vanish. 

The influence of the chill decreases gradually, being 
greatest at the center, lower at the edge of the chill, 
and diminishing further out. 

Figures 2, 3, and 4 show the solidification times in 
the midplane for several chill thicknesses (four curves 
in each figure), for different radial distances from 
center of the chill (plotted on the horizontal axis) and 
for different sizes (diameter) of the chills (each figure 
holds for a different diameter) . 
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Fig. 1 — Schematic arrangement of casting and chill. 
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Fig. 2 — Solidification time on midplane of casting, n= 2. 

Figure 2 holds for a chill of 2-in. radius, applied to 
a casting of a half thickness T = 1 in.; thus R/T = 2. 
The curves are marked S = I4T; Y44T; Y%4T and S= 
lr; in case of the 2-in. thick casting this corresponds 
to l4-in., 14-in., 4-in. and 1-in. thick chills. 

Two vertical scales are marked. On the left side 
the ratio Time/ (casting thickness)? is plotted in 
sec/sq. in. The use of this scale may be seen from 
the following example. 

Determine the solidification time for a chill of 3-in. 
radius at a distance of 4.5 in. from the axis of the 
chills, if the latter are 1.5 in. thick and are applied 
to a casting of 3 in. thickness. 

3 


a/T = 4.5/1 
S/T = I 


a 
1.5/1.5 


Read for a/T = 3 and curve § = T an ordinate of 208. 
Therefore the solidification time is 208 x 3? = 1872 sec. 

On the right side of the graph a percentage scale is 
shown. This allows ene to read the per cent reduction 
of solidification time for each point, compared with 
the “no chill condition” taken as 100. 

Figure 3 holds for a value of R/T = 1 and Fig. 4 
for a value of R/T = 0.5. 


Increasing Size of Chills 


So far three chill sizes (radius) have been discussed 
R/T = 2, 1, and 0.5. Some investigations were car- 
ried out to determine the limits of influence of chills. 
This limit is not sharply defined, as may be seen from 
the right-hand scales in Figs. 2-4. “No influence” 
exists, where the curves read the 100 per cent value, 
but this value is approached gradually. Therefore 
the selection of a limit is arbitrary. But with this 
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Fig. 3 — Solidification time on midplane of casting, == 1. 
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limitation in mind, the following curves seem still 
interesting. 
Figure 5 shows the “limit of influence” for the 








asim 


A 


~~ -™: mad 


~~, tm wr AO kU Oe Or 





Ls 


— 





PASCHKIS 








S=T 





a/T 








— 
IN ‘ 


’ / WY) S=T/4 
a 


MIDPLANE| 
“ LIM. INFL. 








N 





DISTANCE FROM AXiS 
™m 
































© 


20F CHILL F/T 





1/2 RADIUS 


Fig. 5— Limit of influence vs. radius of chill; conditions at 
midplane of casting (T). 
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Fig. 6— Limit of influence vs. radius of chill; conditions at 
T/2 below surface. 
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Fig. 7 — Limit of influence vs. radius of chill; conditions at 
T/8 below surface. 


midplane of the casting. On the horizontal axis the 
radius of the chill is plotted, expressed in multiples 
of the half thickness of the casting. A radius of 1 in. 
for a casting 4 in. thick (half thickness 2 in.) would 
correspond to R/T = 4. 

On the ordinate the limit of influence is plotted in 
multiples of the half thickness T of the casting, and 
each curve holds for a different value of chill thick- 
ness. 

It is interesting to note that beyond a certain value 
of R/T, of approximately 1.75 the curves become 
straight lines, running on a 45 degree angle. 

If the radius of the chill is increased by a certain 
amount, e.g., from R/T = 2 to R/T = 2.5 then for 
any chill thickness the limit of influence is increased 
by the same amount. 

Figure 6 is similarly designed, but instead of holding 
for the centerplane it holds for a plane halfway be- 
tween the centerplane and the surface; in other words, 
for a plane 1%4T below the surface. A comparison 
shows that the curves become straight lines at much 
lower values of R/T. Figure 7, holding for a plane 
14T below the surface, shows only one curve. It was 
not possible to detect differences between different 
chill thicknesses. If only surface conditions are im- 
portant almost any chill thickness will do, and the 
influence of the chill does not extend substantially 
beyond the edge of the chill, but at greater depth 
(Fig. 6) the lateral influence is larger, and it is still 
larger at the centerplane. 











Appendix 

Representation of castings, chill, and mold on the 
analog computer calls for a “two dimensional network 
with change of properties.” This kind of network is 
relatively slow to operate, unless the “changes in 
properties” are made automatically. These changes 
represent the difference in specific heat and thermal 
conductivity between liquid and solid state and also 
include operations analogous to introduction of heat 
of fusion. 

The “change of properties” introduces considerable 
operational difficulties, which will be overcome as 
soon as they can be carried out automatically. De- 
velopment of such automatic circuits is in progress. 

Lacking such automatic circuits, the work was 
carried out, assuming constant properties. In part, 
the studies covered the case of conductivity retaining 
permanently the value of liquid steel. In part, a con- 
ductivity was used which, in areas without chill, 
resulted in curved solidification times (curved times 
were known from previous studies). But the use of 
such assumed conductivities had as consequence a 
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lowering of overall accuracy, so that results should be 
essentially considered to be qualitative rather than 
absolute. 

It is interesting to compare the results of this 
paper* with those shown by Pellini and co-workers.** 
Pellini’s arrangement is different from that used here. 
His casting was a bar 4-in. x 4-in. cross section, while 
the present paper considers a large slab. Pellini’s 
chills cover one entire face of the casting, while the 
chills in this paper may be compared to coins placed 
on a table. But the general pattern of chill influence 
is the same, as may be seen by comparing Pellini’s 
Figs. 2 and 3 with the results of this paper. 
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PHYSICAL PROPERTIES OF STEEL FOUNDRY 


SANDS AT ELEVATED TEMPERATURES 


By 


Henry W. Meyer* 


ABSTRACT 
The author briefly relates the history and accom- 
plishments of Committee 8-L, “Physical Properties of 
Steel Foundry Sands at Elevated Temperatures,” its 
inception and experiences. The difference between an 
analytical and academic approach to sand mix formu- 
lation, along with the reasons why the latter will not 

work successfully, are discussed. 


During the latter part of 1936 the Steel Division of 
the American Foundrymen’s Society requested the 
General Sand Committee, or Sand Executive Com- 
mittee, as it is now identified, to initiate a study of 
methods of testing and determining sand mixture 
properties at elevated temperatures. The committee 
selected to undertake this study was designated Sand 
Division Committee 8-L. After first deciding that sand 
mixtures to be tested should include brass sand, gray 
iron sand, and steel sands, a few preliminary tests of 
some of these mixtures prompted the committee to 
realize that the program was too comprehensive. 

It was then decided to concentrate on certain steel 
sand mixtures only. The committee then became 
known and has continued as Sand Division Committee 
8-L, Physical Properties of Steel Foundry Sands at 
Elevated Temperatures. Personnel of the committee 
in the past included many leaders in the fields of 
sand technology and foundry engineering. 

In accordance with the original intent, much of the 
investigators’ time, as the various annual progress re- 
ports indicate, was consumed in calibrating, improv- 
ing and designing suitable elevated temperature test- 
ing equipment and seeking proper testing methods in 
order to insure reproducibility of test data. This part 
of the study completed, the committee then instituted 
a program to determine the elevated temperature 
characteristics of steel foundry sand mixtures, the 
knowledge of which could be used to predict casting 
results sand-wise. 

This sort of undertaking to determine the effect of 
different sand mix constitutents and different condi- 
tions was carried out starting with a single variable, 
fire clay or bentonite and a No. 60 New Jersey silica 





*Chairman, AFS Sand Division Committee 8-L, and General 
Foreman Sand Laboratories, General Steel Castings Corp., 
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sand. Continuing to the present time, studies were 
made of more complex conditions including cereal 
binder, silica flour, cellulose material and iron oxide, 
as sand mixture constituents, and compounded with 
basic sands other than the conventional substitute 
AFS No. 60 standard sand, namely, No. 75 and No. 45 
fineness New Jersey sand and Ottawa sand of corre- 
sponding fineness numbers. 


Progress Reports Presented 

Since the inception of the Committee, 13 progress 
reports have been presented. These reports, as one 
would expect, cover data and experiences encountered 
while developing satisfactory testing equipment, and 
testing routine which will insure reasonable duplica- 
tion of test data collected while undertaking to de- 
termine the effect of different sand mixture constitu- 
ents at elevated temperaures. Much of the informa- 
tion presented, when analytically studied, is indicative 
of the elevated temperature characteristics of basic 
sands and sand. mixture constituents, the knowledge 
of which can in some form be successfully applied by 
foundrymen. This statement can be illustrated by re- 
ferring to the following excerpts taken from the 
various individual progress reports: 

“Greater hot strength with fire clay than western 
bentonite and also at higher temperatures. The hot 
strength at a given temperature in the plastic zone 
was always higher for fire clay bonded sand than for 
those bonded with western bentonite.” 1 

“Sands which do not produce cracks in test speci- 
mens on shock heating produce more satisfactory cast- 
ing results.”’? 

“The temperature of peak hot strength is appar- 
ently dependent to some extent on the percentage of 
bond in the sand. Maximum hot strength is reached at 
higher temperatures for mixtures of lower percent- 
ages of bond.’’3 

“The addition of silica flour to the two kinds of 
bentonite mixtures increased the maximum and mini- 
mum hot compressive strength of the test specimens. 
The maximum hot compressive strength for all test 
specimens occurred at temperature control settings of 
1600 F for the bentonite mixtures, and 2000 F for the 
fire-clay mixtures. The minimum hot strengths for all 
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mixtures occurred at 2500 F and were substantially 
zero.”’4 

“The results of the work on hot compressive 
strength versus temperature of sand mixtures ex- 
posed 20 min before testing indicate that 4 per cent 
western bentonite, 10 per cent fire clay, 4 per cent 
illite mixtures have superior strength properties at 
elevated temperatures when 5 per cent moisture is 
used; at 3 per cent moisture, decreased hot strength 
(due to lower density). The peak strength of bento- 
nite and illite mixtures occurs at about 1800-1850 F, 
of fire clay at about 2000 F. Studies of hot compres- 
sive strength versus exposure time for the 4 per cent 
western bentonite, 10 per cent fire clay, 5 per cent 
moisture indicate that each have different character- 
istics depending on the test temperature and the time 
required for the solid-solid reactions to proceed to 
completion.’’5 

“Preliminary tests indicate that scab-forming tend- 
encies of molding sand mixtures may be predicted on 
the relationship of expansion and hot deformation.” 

“This report shows conclusive laboratory evidence 
that the maximum temperature, where the expansion 
exceeds the allowable deformation, varies with steel- 
sand mixtures. On the basis of observations of scab- 
bing tendencies in the foundry, it has been shown 
that as this temperature increases, the scabbing tend- 
encies increase. It is noted that the temperature at 
which the free expansion of the mixture is less than 
the ability of the sand to deform under load without 
failure moves toward a higher value as the bentonite 
concentration is reduced.”7 (As refractoriness in- 
creases, scabbing tendency increases.) 

“This report shows conclusive laboratory evidence 
that the maximum temperature at which the ex- 
pansion exceeds the allowable deformation varies in 
different steel-sand mixtures. It was concluded in a 
previous report that as this temperature increases, 
the scabbing tendency of the sand increases. This re- 
port offers further confirmation of this conclusion. 
These conclusions were based on test casting results.” § 


Using Research Reports 

One is aware in reading this discourse that no data 
or experimental test mixture presented in the 13 
progress reports are incorporated. This was done for 
a purpose, hoping to discourage the academic ap- 
proach to sand control which has been so prevalent 
in the past and brought failure to many foundry- 
men’s attempts to use a research report successfully. 

A foundry exercises its own preference in selection 
of base sand, sand-handling facilities, sand prepara- 
tion, coremaking, moldmaking, gating, risering, melt- 
ing and pouring practices. Each foundry has its own 
conception of sand control and the extent to which it 
should be practiced. Variation of a single prerogative 
mentioned above, either willingly or unknowingly, 
along with the wide variation in casting size (di- 
mensional, weight, metal-section thickness), become 
contributing factors which make it impractical for 
foundrymen to academically duplicate recommended 
sand mixes or test data and expect satisfactory casting 
results. 

It is the foundryman employing analytical thinking 
that obtains the greatest help from a research report. 









ELEVATED PROPERTIES OF STEEL FOUNDRY SANDS 


Studying the conclusions and results presented, the 
foundryman will formulate sand mixtures using to 
best advantage the findings presented in a research 
report, above all keeping in mind that the newly 
formulated sand mixture must be compatible with 
his foundry practices. This foundryman, when formu- 
lating sand mixtures possessing minimum scab-form- 
ing and erosion tendencies, using the knowledge ob- 
tained from the excerpts previously itemized, under- 
stands that it is necessary to select sand mixture con- 
stituents which tend to increase the elevated temper- 
ature deformation characteristics of his resultant sand 
mixture. With this knowledge and understanding of 
the need for keeping his sand mixtures completely 
workable or compatible to his foundry practice, he 
will judiciously select the quantities best workable in 
the individual foundry. 


Increasing Hot Deformation 

The progress reports definitely reveal western ben- 
tonite as more effective than fire clays in increasing 
hot deformation. This is due to bentonite having a 
lower incipient fusion point than fire clay. There are 
other mineral constituents with lower incipient fusion 
points which in time we will learn to use to good ad- 
vantage. 

In conclusion, it may be stated the data and sum- 
mations presented in a research report will not solve 
any problems directly, only in a qualitative fashion. 
The information becomes useful in formulating and 
evaluating a sand for foundry use when it provokes 
analytical thinking and is used in such a manner. 

Occasionally, conclusions are presented in a re- 
search report which are seemingly late, in that some 
foundrymen are already experiencing practical appli- 
cation of the investigator’s findings. This is not neces- 
sarily an indication of stagnation on the part of the 
investigators. The research report, in all probability, 
will reveal the basic scientific reasons for its success, 
which the foundrymen most likely did not have the 
time to determine. This knowledge will increase the 
foundrymen’s capabilities to formulate even better 
sand mixtures in the future. 

The work of Committee 8-L has definitely been a 
scientific approach to sand study at elevated tempera- 
tures, and in order to properly determine the elevated 
temperature characteristics of sand mixtures and their 
influence on casting results, it is best the practice re- 
main as such. The committee has the responsibility 
of presenting the data in the most practical manner 
possible. The committee welcomes the participation of 
foundrymen in its investigations. 
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EFFECTS OF SOME MELTING VARIABLES 


ON PROPERTIES OF MALLEABLE IRON 


By 


G. E. Kempka* and R. W. Heine** 


Experimental results obtained while continuing 
work on the AFS Malleable Division research project 
form the basis of this paper. During the past year, 
research has been carried out in the following areas: 

1. effects of grains of water vapor per cubic foot of 
melting furnace gases on malleable iron tensile prop- 
erties and annealability; 

2. effects of sulfur content on the tensile properties 
and annealability of malleable iron when calcium 
carbide or soda ash are used for desulfurizing; 

3. effects of cooling rate below the critical tem- 
perature range on the properties of malleable iron as 
related to melting furnace atmosphere; 

4. tensile property relationships and quality index 
of malleable iron; 

5. effects of Items 1 and 2 on the casting properties 
of malleable iron; 

6. role of nitrogen in malleable iron; 

7. effects of percentage of steel, pig iron, and sprue 
in the furnace charge when melted under a 21 per 
cent COs,, 79 per cent No furnace atmosphere. 

The first six items listed above will be treated as 
separate parts of this paper. Item 7 above will be 
reported in a future paper pending completion of 
the work. In all of this work, melting stock for the 
experiments consisted of commercial cold melt and 
duplex iron sprue having the analysis listed in Table 1. 


TABLE 1 — COMPOSITION OF SPRUE USED AS 
MELTING STOCK 








Sprue %C %, Si 7% Mn %S =e? 
Cold melt Iron 2.48 1.10 0.37 0.085 0.126 
Duplex Iron No. | 2.54 1.30 0.41 0.146 0.11 
Duplex Iron No. 2 2.60 1.19 0.49 0.150 0.10 





*Project Assistant, **Associate Professor, Dept. of Mining and 
Metallurgy, University of Wisconsin, Madison, Wis. 

This is the fourth progress report on a research project initi- 
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this Committee are as follows: C. F. Joseph, Chairman, W. D. 
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Lansing, R. V. Osborne, R. P. Schauss, R. Schneidewind, Milton 
Tilley, and P. F. Ulmer. 
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PART | 
Effects of Water Vapor in Melting Furnace 
Atmospheres on Tensile Properties and 
Annealability of Malleable Iron 


A series of 100-lb heats of both duplex and cold 
melt irons were made in which the iron was melted 
down and held under a furnace atmosphere of 12-14 
per cent CO, 12-14 per cent COzg, balance No, con- 
taining water vapor in the range of 0 to 25 grains 
per cubic foot of gases. Flow rate of gases through 
the furnace was 0.785 cfm (22 liters per minute). 
Water vapor contents of 0, 6, 9, 12, 15, 18 and 25 
gr per cu ft were obtained by bubbling gases through 
a controlled temperature water bath with the humid- 
ity of the gases being measured just prior to their 
entry into the furnace. 

The actual cycle of charging, melting down and 
holding under controlled atmosphere in the 100-Ib 
induction furnace has been described in detail in an 
earlier progress report!, and will therefore not be 
repeated here. The total time of exposure of the metal 
to the applied atmosphere was about 2.5 to 3.0 hours 
with 1.5 to 2.0 hours required for melting down and 
reaching 2800 F, and one hour for holding at 2800 F. 
The range of 0 to 18 gr/cu ft covers the range of 
water vapor contents of air over the extremes of win- 
ter and summer weather. However, the hydrogen 
present in coal used for firing air furnaces, and the , 
H,O present in fuels can easily account for water 
vapor in excess of 25 gr/cu ft of furnace gases. 

Tensile test bars, annealability samples, mottle bar, 
fluidity and hot tear castings were poured from each 
heat. The chemical composition and casting prop- 
erties for these heats are reported in Table 2. An- 
nealing, preparation of test bars, and other procedures 
identical to those employed in past work! were used 
throughout these experiments. 


Effects of Water Vapor on Tensile Properties 
The tensile properties of irons melted under atmos- 
phere mixtures of 12-14 per cent CO, 12-14 per cent 
COz,, 75 per cent No, and containing 0-25 grains of 
water vapor per cubic foot are listed in Table 3. The 
relationship of tensile properties to grains of water 











PROPERTIES OF MALLEABLE IRON 


TABLE 2 — CHEMICAL COMPOSITION AND CASTING PROPERTIES 
For Heats MELTED UNDER APPLIED ATMOSPHERES OF 12-14% COz, 12-14% CO, 
BALANCE No, AND VARIOUS AMOUNTS OF WATER VAPOR 














Heat H,0O grains/ % % % % % Pouring Fluidity Hot Tear Mottle, 
No. cu. ft. C Si Mn P Temp., F in. psi 2-in. bar 

BA Dry 2.37 1.10 0.39 0.085 0.130 2800 2414 340 White 

BB Dry 2.31 1.04 0.40 2780 214 505 White 

Cold BC 6 2.40 1.11 0.41 2800 24 White 
Melt BD 6 2.43 1.08 0.38 2800 2514 265 White 
iron BH 9 2.40 1.12 0.37 2800 2334 290 White 
remelt BE 12 2.37 1.08 0.39 2800 2214 285 White 
used as BF 12 2.40 1.10 0.38 2800 2314 310 White 
charge BI 15 2.37 1.08 0.37 0.085 0.128 2820 2534, 280 White 
BJ 18 2.38 1.08 0.37 2810 2614 275 White 

BR 25 2.45 1.09 0.39 2780 23 395 White 

BO Dry 2.38 1.19 0.46 0.150 0.100 2800 25 380 White 

Duplex BN 6 2.38 1.18 0.45 2800 2314 365 White 
No. 2 BM 9 2.38 1.17 0.47 273/, White 
remelt BL 15 2.48 1.15 4.46 0.170 0.100 2810 2314 400 White 
used as BK 18 2.48 1.17 0.54 2810 263/, 325 White 
charge BP 18 2.34 1.16 0.48 2800 23% 355 White 
BS 25 2.36 1.16 0.46 0.160 2800 19 310 White 

Duplex L Dry 2.35 1.29 0.46 0.157 0.128 2800 2534, White 
No. | iron M Dry 2.50 1.29 0.42 2820 2534 White 
remelt used T 12 2.44 1.24 0.42 2805 27 345 White 
as charge U 12 2.33 1.25 0.47 0.151 0.125 2780 203, White 





vapor per cubic foot of gas is shown in Fig. 1. The 
graph shows that water vapor causes a serious low- 
ering of per cent elongation and tensile strength but 
exerts only a mild effect on yield point. These effects 
are most pronounced when more than 6 grains of 
water vapor per cubic foot are present in the melting 
furnace atmosphere. 

The data plotted in Fig. 1 show some scatter due 
mainly to the fact that the graph does not compensate 
for differences in carbon content of irons from the 
different heats. That carbon content differences are 


TABLE 3 — MECHANICAL PROPERTIES* OF IRONS MELTED 
UNDER APPLIED ATMOSPHERES OF 12-14% CO, 
12-14% COs, BALANCE Ny AND VARIOUS 
AMOUNTs OF WATER VAPOR 

Ten- 
H,O Yield sile  Elong- 
Heat gr/ % %G% Str. Str. ation, Yield 
No. cu. ft. C Si psi. psi. % Point 
BA Dry 2.37 1.10 37,700 53,500 23.3 Y.P. 
BB Dry 2.31 1.04 38,700 53,400 20.7 Y.P. 
Cold melt BC 6 2.40 1.11 37,900 53,550 206 Y.P. 








iron BD 6 2.43 1.08 38,400 52,500 19.5 Y.P. 
remelt BH 9 2.40 1.12 37,900 52,700 188 Y.P. 
used as BE 12 2.37 1.08 38,100 52500 196 Y-P. 
charge BF 12 2.40 1.10 38,200 52,350 185 Y.P. 


BI 15 2.37 1.08 36,900 52,100 189 Y.P. 
BJ 18 2.38 1.08 37,100 52,400 18.0 Y.P. 
BR 25 2.45 1.09 37,200 50,900 17.1 Y-.P. 


BO Dry 2.38 1.19 36,600 51,700 18.0 NoY.P. 
Duplex No.2 BN 6 2.38 1.18 36,300 51,200 16.2 NoY.P. 





iron BM 9 2.38 1.17 36,900 51,600 15.1 NoY.P. 
remci* BL 15 2.48 1.15 36,300 50,400 13.6 NoY.P. 
used as BK 18 2.48 1.17 36,200 51,000 14.7 NoY.P. 
charge BP 18 2.34 1.16 37,200 52,300 15.5 NoY.P. 


BS 25 2.36 1.16 37,600 52,200 15.6 NoY.P. 





Duplex No.1 L Dry 2.35 1.29 41,500 55,400 17.9 
iron remelt M Dry 2.50 1.29 39,900 53,400 14.1 
used as T 12 244 1.24 38,800 51,600 11.7 
charge U 12 2.33 1.25 38,700 52,300 12.8 


* Property values are averages of a sufficient number of tests to 
insure consistent, reproducible results. 








the cause of the scatter in Fig. 1 will be proven in 
Section 5. All three irons used for melting stock were 
found to be adversely affected by water vapor, as 
can be seen from Table 3 and Fig. 1. The lower tensile 
properties in all three irons are associated with mi- 
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WATER VAPOR-GRAINS PER CUBIC FOOT 


Fig. 1 — Effects of grains of water vapor per cubic foot of 
melting furnace atmosphere (12-14% CO, 12-14% CO:, 
balance N2) on malleable iron properties. 
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TABLE 4 — EFFECTS OF WATER VAPOR IN APPLIED MELTING FURNACE ATMOSPHERES 
oF 12-14% CO, 12-14% COs, BALANCE Nog ON ANNEALABILITY 










First Stage Graphitization 


Second Stage Graphitization 














Heat H.O Time at 1700 F. Cooling Rate from 1480 to 1300 F. 
No. grains/cu. ft. % C %, Si 5 hr 10 hr 15 hr 20 hr 30 F/hr 20F/hr 10F/hr 
BA Dry 2.37 1.10 Incomplete Complete 5 Pl 0 
BB Dry 2.31 1.04 Incomplete Complete 5 P 0 
BC 6 2.40 1.11 Incomplete Complete 5 P 2P 0 
ld melt BD 6 2.43 1.08 Incomplete Complete 5 P 1SC2 
on BH 9 2.40 1.12 Incomplete Complete 10 P 2P 
used as BE 12 2.37 1.08 Incomplete Complete 5? 1SC 
charge BF 12 2.40 1.10 Incomplete Complete 5 P 1SC 
BI 15 2.37 1.08 Incomplete Complete 5 P 2P 
BJ 18 2.38 1.08 Incomplete Complete 5 P 2P 
BR 25 2.45 1.09 Incomplete Complete 15 P 10 P 
BO Dry 2.38 1.19 Incomplete Complete 1SC 1SC 0 
BN 6 2.38 1.18 Incomplete Complete se 1SC 0 
BM 9 2.38 1.17 Incomplete Complete Bs 1SC 0 
Duplex No. 2 BL 12 2.48 1.15 Incomplete Complete 2P 1SC 0 
BK 18 2.48 1.17 Incomplete Complete ef 2P 0 
BP 18 2.34 1.16 Incomplete Complete 2? 1SC 1SC 
BS 25 2.36 1.16 Incomplete Complete 2P 2? 1SC 
L Dry 2.35 1.29 Incomplete Incomplete Complete 2? 0 
Duplex No. 1 M Dry 2.50 1.29 Incomplete Incomplete Complete 1SC 0 
‘i 12 2.44 1.24 Incomplete Incomplete Complete 1SC 0 
U 12 2.33 1.25 Incomplete Incomplete Complete 1SC 0 


1 P is estimated per cent pearlite remaining, viz., 10 P is 10% pearlite remaining, balance ferrite and temper carbon. 0 is no pearlite 


and 100% 


ferrite. 


2 1SC, scattered spheroidized carbides, 1% or less of microstructure, balance is ferrite. no pearlite. 





crovoids and poor graphite shape as previously re- 
ported in Reference 1. 


Effects of Water Vapor on Annealability 
Annealability in first and second stage graphitiza- 
tion was studied. The time required in hours for 
elimination of massive carbides at 1700 F was the 
measure of first stage annealability. The cooling rate 
in°F/hr over the temperature range of 1480 F to 
1300 F, necessary for eliminating pearlite from the 
microstructure, was the measure of second stage an- 
nealability. Results are reported in Table 4. Table 4 


shows little effect of water vapor in the melting 
furnace atmosphere on first stage graphitization time. 
Second stage graphitization, however, was adversely 
affected by water vapor. The lower silicon content 
cold melt iron was adversely affected. With 1.10 per 
cent silicon and over 6 gr per cu ft of water vapor 
in the melting furnace atmosphere, a second stage 
cooling rate of less than 10° F/hr had to be em- 
ployed to obtain complete second stage graphitization. 

The same irons melted under dry atmospheres could 
be fully annealed at 30° F/hr when melted under a 


TABLE 5 — CHEMICAL COMPOSITION AND CASTINGS PROPERTIES FOR 
Heats WitH Various SULFUR CONTENTS* 














Hot 

Heat Pouring Fluidity, Tear, Mottle, 

No. %S %C %Si %MN %P Temp., F in. psi 2-in. bar Remarks 
Cold CI 0.015 2.56 1.14 0.38 2810 271% Mottled CaC,y Desulfurization 
melt CC 0.020 2.48 1.14 0.39 0.114 2800 221% 485 Slight Mottle Defective tensile bars , 
remelt cD 0.046 2.39 1.11 0.41 2820 2114, 325 White CaCy, Desulfurization; 
used as sound tensile bars 
charge. BA 0.085 2.37 1.10 0.39 0.130 2800 2414 340 White Base iron 
Initial CA 0.140 2.50 1.11 0.45 2820 2834 298 Slight Mottle Sulfur added before 
%S — BT 0.144 2.28 1.10 0.44 2800 2134 450 White melt down in the 
085 CB 0.155 2.38 1.11 0.52 2810 2534 265 White form of iron 

BU 0.210 2.47 1.11 0.44 0.129 2800 2434, $25 White sulfide 
Duplex CE 0.040 2.36 1.22 0.47 2820 23 400 White CaCy Desulfurization; 
No. 2 defective tensile bars 
remelt BW 0.067 2.43 0.98 0.44 0.102 28 White Soda ash desul- 
used as furization; 
charge. BV 0.084 2.49 1.00 0.46 22 355 Slight Mottle Silicon oxidation 
Initial CH 0.093 2.33 1.17 0.47 2810 1814 400 White CaC, Desulfurization; 
%S—.150 sound tensile bars 

BO 0.150 2.38 1.19 0.46 0.100 2800 25 380 White Base iron 
— CF 0.066 232 126 042 & 0.119 2820 24, 260 White  CaCz Desulfurization; 
Soleted sound tensile bars 

ad , 

%S—.146 J 0.146 2.38 1.28 0.46 0.123 2800 23 White Base iron 


* {Irons melted either under a dry controlled atmosphere of 12-14% CO», 12-14% CO, Balance No; or under 21% COs, Balance No. 
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22 
TABLE 6 — MECHANICAL PROPERTIES OF MALLEABLE IRONS 
WITH Various SULFUR CONTENTS MELTED UNDER Dry CONTROLLED ATMOSPHERES* 
Heat Yield Tensile Elongation, Yield 
No. %S$ %C % Si Strength, psi Strength, psi % Point Remarks 
cD 0.046 2.39 1.11 38,150 56,000 26.0 No Y. P. CaCy desulfurized 
Cold melt BA 0.085 2.37 1.10 37,700 53,500 23.3 a Base iron 
iron CA— 0.140 2.50 1.11 36,500 53,700 19.7 No Y. P. Sulfur added before 
used as BT 6.144 2.28 1.10 37,250 54,050 20.5 NoY. P. melt-down in the 
charge CB 0.155 2.38 1.11 38,600 53,000 17.3 aoe: form of iron 
BU 0.210 2.47 £35 37,600 49,700 13.6 (a2 sulfide. 
Duplex CH 0.093 2.33 1.17 38,100 53,800 20.0 NoY. P. CaCy, desulfurization 
No. 2 BO 0.150 2.38 1.19 36,600 51,700 18.0 Noy. P. Base iron 
Duplex CF 0.066 2.32 1.26 40 600 56.800 20.1 Noy. P. CaC,y desulfurization 
No. 1 J 0.146 2.38 1.28 40,200 55,000 19.2 Base iron 


*Irons melted either under a dry controlled atmosphere of 12-14% CO, 12-14%, COs, Balance No; or 21% COs, Balance No 


All tensile bars were machined before testing. 





dry CO atmosphere, and at 10° F/hr when melted 
under a dry 12-14 per cent CO, 12-14 per cent COp, 
75 per cent No atmosphere. The higher silicon con- 
tent duplex No. 2 iron could also be fully annealed 
by cooling at 10° F/hr except when the water vapor 
content of the melting furnace atmosphere exceeded 
12 gr/cu ft. Thus it appears that the tolerable water 
vapor content for not retarding second stage graphiti- 
zation is about 6-12 gr/cu ft, depending on silicon 
content when the iron is melted under normal non- 
oxidizing atmospheres. 


PART 2 


Effects of Sulfur Content on Tensile Properties and 
Annealability of Malleable Iron 

A series of 100-Ib heats of cold melt and duplex 
irons were made in which the sulfur content of the 
irons was varied from 0.015 to 0.21 per cent. De- 
sulfurization of the irons from their sulfur levels of 
0.085 per cent for the cold melt iron, and 0.150 per 
cent for duplex No. 2 iron (Table 1) was accom- 
plished by one of two methods, soda ash treatment or 
calcium carbide injection with No» as a carrier gas. 
Sulfur was added as iron sulfide when it was desired 
to raise the sulfur content of the iron. Table 5 pro- 
vides the chemical composition and casting properties 
of the heats made for these experiments. All these 
heats were melted under dry applied atmospheres of 
either 12-14 per cent CO, 12-14 per cent CO, balance 
No; or 21 per cent COs, 79 per cent Noy. An effort 
was made to maintain the Mn-S balance of 2 x % S + 
0.15% by adding manganese to the sulfurized heats. 


Heats CA, CB, BT, and BU made of cold melt 
iron were sulfurized to raise sulfur from 0.085 per 
cent to 0.14 to 0.21 per cent. Heats CC, CD, and CI, 
made of cold melt iron, were desulfurized by calcium 
carbide injection. Heats CE and CH, made of duplex 
No. 2 iron and heat CF of duplex No. 1 iron, were 
desulfurized with calcium carbide injection. Heats 
BV and BW were made of duplex No. 2 iron and 
were desulfurized with soda ash. The sulfur content 
of each heat that was desulfurized with calcium car- 
bide was estimated in advance on the basis of re- 
moving | Ib sulfur per 20 lb of carbide injected. The 
details of calcium carbide injection will not be dis- 
cussed in this report since this tool was used as a 
means of obtaining the desired sulfur levels, the 
latter being the variable under study. 


Effects of Sulfur Content on Tensile Properties 

Tensile properties of all heats made to study the 
effect of sulfur content are listed in Tables 6 and 7. 
Calcium carbide desulfurization in heats CE, dupiex 
No. 2 iron, and heats CI and CC, cold melt iron, 
produced defective test bar castings. The defects were 
of a type suggesting pinhole formation or gas evolu- 
tion and entrapped calcium carbide slag inclusions. 
These defects were encountered only in the lowest 
sulfur content heats, 0.015-0.040 per cent S, which re- 
ceived calcium carbide injections of maximum weight. 
The tensile data from these heats is therefore re- 
garded as inaccurate. 

Heats BV and BW, duplex No. 2 iron, desulfurized 
with soda ash during melting down and holding at 


TABLE 7 — MECHANICAL PROPERTIES OF IRONS WITH VARIOUS SULFUR CONTENTS 
MELTED UNpER Dry CONTROLLED ATMOSPHERES* 














Heat Yield Tensile Elongation Yield 

No. %S %C % Si Strength, psi Strength, psi % Point Remarks 
Cold CI 0.015 2.56 1.14 38,300 54,100 175  NoY.P. CaC. desulfurized; defective tensile bars; 
melt iron CC 0.020 2.48 1.14 38,600 55,400 18.0 NoY.P. machined to 0.40-in. diameter 

CE! 0.040 2.36 1.22 39,000 58,300 16.0 NoY.P. CaC. desulfurized; defective tensile bars; 

machined to 0.40-in. diameter 
Duplex BW 0.067 2.43 0.98 34,600 52.900 18.2 NoY.P. Soda ash desulfurized; 
No Y.P. Silicon oxidation 


No. 2 BV 0.084 2.49 1.00 33,900 50,000 18.5 
* Heats CI, CC and CE were considered to have sub-grade tensile properties because of pinhole or gas evolution type defects in the as 
cast tensile bars. Heats BW, and BV had a silicon oxidation loss in the soda-ash desulfurization process. 


All bars were machined before testing. 
All irons were melted under dry, controlled atmospheres of either 12-14% CO», 12-14% CO, Balance Ng; or 21% COs, 79% No. 


1 Not fully second stage graphitized. 
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00 F, experienced about a 15 per cent silicon loss*, 
i8 per cent down to 1.00 per cent Si. Thus, oxidiz- 
x conditions existed and such conditions have been 
oven harmful to metal properties in past work!. 

i hus, the tensile properties from these two heats are 

‘iso regarded as not comparable to the balance of the 

heats. Tensile properties of defective irons from the 

.forementioned causes are listed in Table 7 while the 
iefect-free irons are listed in Table 6. Conclusions 
egarding the effects of sulfur on tensile properties 

will be based on the data in Table 6. 

Table 6 reveals that sulfurized heats of cold melt 
iron, CA, BT, CB, BU, suffered a progressive decrease 
in per cent elongation as the sulfur content increased 
from 0.085 to 0.21 per cent. Tensile and yield strength 
were little affected until the sulfur rose to 0.155 
per cent. Heat CD, cold melt iron desulfurized with 
calcium carbide from 0.085 per cent to 0.046 per cent 
5, displayed the best combination of tensile strength, 
vield strength, and per cent elongation. Heat CH, 
duplex No. 2 iron desulfurized from 0.150 down to 
0.093 per cent S with calcium carbide, showed im- 
provement in ductility, yield and tensile strength simi- 
lar to that of the cold melt iron (compare CH and BO 
in Table 6). Likewise, heat CF, duplex No. 1 iron 
desulfurized from 0.146 per cent down to 0.066 per 
cent S, displayed the same change in properties as 
did the other two irons (compare CF and J in 
Table 6). 

Thus, it appears that ductility and tensile strength 
are decreased while the yield strength is little af- 
fected as sulfur content of malleable iron increases 
in the range of 0.04 to 0.21 per cent S. The effect of 
sulfur can be stated quantitatively in terms of a 
quality index that expresses the change produced on 
the combination of tensile strength, yield strength, 


*This loss probably would not have occurred had the soda 
ash been used only after melting down the iron. Some was 
added during the melting down stage. 













Fig. 2— Surface checking of a pulled tensile test bar. Heat 
CA— $iron sulfide added to bring original % S trom 0.085 to 
0.140%. Test bar slightly magnified. 


and per cent elongation per 0.01 per cent S variation. 
This will be done in Part 5 of the report. 

The metallurgical effect of sulfur causing reduced 
ductility is probably related to the additional sulfides 
present as sulfur content increases. At 0.20 per cent S, 
there could be as much as 2.72 x 0.20 or 0.544 per 
cent by weight of manganese sulfide present. Man- 
ganese sulfide has a specific gravity closer to that of 
graphite rather than iron. Therefore, increased sulfur 
content to a value of 0.20 per cent may be likened to 
increased carbon (or graphite) content of about 0.50 
per cent C in its effect of reducing mean free ferrite 
path and hence ductility. Surface checking of pulled 
test bars occurred at the higher sulfur levels as shown 
in Fig. 2. These check marks were present to an in- 
creasing extent as sulfur increased above 0.14 per cent. 


Effects of Sulfur Content 
on Annealability of Malleable Iron 

Effects of sulfur content on first and second stage 
graphitization were studied by the same methods 
described in Part 1. The results are summarized in 
Table 8. First stage graphitization time did not seem 
to be altered by sulfur level except as the balance ot 
Mn to S might be upset. However, second stage 
graphitization was altered by sulfur level. The cold 
melt iron, heat BA, could be completely second stage 


TABLE 8 — EFFECT OF SULFUR CONTENT ON ANNEALABILITY OF MALLEABLE IRON 
MELTED UNDER CONTROLLED ATMOSPHERES* 





First Stage Graphitization 


Second Stage Graphitization 
Cooling Rate from 1480 

















Heat Time at 1700F to 1300 F 
No. %S %C %Si %Mn - 5Shr*10hr 15 hr 20hr 30F/hr 20F/hr 10F/hr 
CI 0.015 2.56 1.14 0.38 Incomplete Complete 10 P? 1 SC? 
CC 0.020 2.48 114 0.39 Incomplete Complete 15 P 2P 
Cold melt CD 0.046 2.39 1.11 0.41 Incomplete Complete 5P 1SC 
iron used BA 0.085 2.37 1.10 0.39 Incomplete Complete 5P 0 
as charge CA 0.140 250 4111 0.45 Incomplete Complete 10P 1SC 0 
BT 0.144 2.28 1.10 0.44 Incomplete Complete 5P 2P 1SC 
CB 0.155 2.38 111 0.52 Incomplete Incomplete Complete 5P 1SC 
BU 0.210 247 421.11 0.44 Incomplete Complete 25 P 5P 
CE 0.040 2.36 122 0.47 Incomplete Incomplete Incomplete Complete 50 P 40 P 
Duplex BW 0.067 2.43 0.98 0.44 Incomplete Incomplete Complete 30 P 5P 
No. 2 BV 0.084 2.49 100 0.46 Incomplete Incomplete Complete 25 P 2P 
CH 0.093 2.33 1.17 0.47 Incomplete Incomplete Complete 25 P 10P 
BO 0.150 2.38 1.19 0.46 Incomplete Complete 1SC 1SC 0 
Duplex CF 0.066 2.32 126 0.42 Incomplete Complete 5P 2P 
No. 1 J 0.146 238 128 0.46 Incomplete Complete isc 0 


*Irons melted either under a dry, controlled atmosphere of 12-14CO, 12-14CO., Balance No; or under 21% COs, Balance No. 
1P is estimated per cent pearlite remaining, viz. 10 P .is 10% pearlite, balance ferrite and temper carbon. 0 is no pearlite and 


100%, ferrite. 


2 1SC is scattered spheroidized carbides, 1% or less of microstructure, balance is ferrite, no pearlite. 
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graphitized at 10° F/hr with its sulfur level at 0.085 
per cent. Above 0.14 per cent S, this iron could not 
be fully graphitized except at lower rates than 10° 
F/hr. This change might be ascribed to Mn-S ratio 
being out of balance in heats CB and BU. But pre- 
vious work with this cold melt iron has proven that 
this is not the important factor, especially in heats 
BT and CB. 

Sulfur contents below 0.085 per cent S in the cold 
melt iron were achieved by calcium carbide injection 
with nitrogen. It was feared that nitrogen would be 
picked up by the iron with a consequent retarding of 
second stage graphitization. This effect was noted in 
heats CI, CC, and CD of the cold melt iron and also 
in heats CE, CH of the duplex No. 2 iron and heat 
CF of the duplex No. | iron. Nitrogen analyses of the 
above irons, as given in Table 16 substantiate this ob- 
servation. Heats BW and BV of the duplex No. 2 
iron are not comparable to the others because the 
soda ash desulfurization was accompanied by a silicon 
oxidation loss. 

Again, in the low sulfur range, the excess manganese 
could be blamed for the retarding of second stage 
graphitization. However, in previous work,! irons with 
as much as 16 points of manganese in excess of the 
recommended amount of 2 x % S + 0.15 % have been 
fully second stage annealed at 10° F/hr to 30° F/hr. 
Nitrogen pick-up from the injection process is there- 
fore believed to be the reason for the retarded second 
stage graphitization shown in Table 8 by low sulfur 
heats CI, CC, CD, CE, CH, and CF. 


PART 3 
Effects of Cooling Rate after Second Stage 
Graphitization on Tensile Properties 


Standard practice in preparing malleable iron ten- 
sile properties for this project has included fast cool- 
ing in air from 1300 F at the end of second stage 
graphitization. It was known that.slow cooling would 
produce different tensile properties. The difference in 
properties caused by cooling rate is associated with 
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the higher solubility of carbon and nitrogen in ferrite 
at 1300 F and their retention in solution by fast cool- 
ing. Some tests were made to determine whether this 
property difference was related to the melting furnace 
atmosphere, particularly N, content of the atmos- 
phere. 

A set of test bars from several heats was mallea- 
bilized and furnace cooled at about 50° F/hr to room 
temperature at the end of the second stage graphitiza- 
tion period. Data for these bars and comparable air- 
cooled bars are listed in Table 9. Table 9 shows a de- 
cided increase in yield and tensile strength; and a 
slight decrease in ductility is obtained by rapid cooling 
an iron from 1300 F, providing it is melted in an at- 
mosphere containing more than 65 per cent Ng. This 
limit encompasses commercial malleable iron melting 
conditions. Increased nitrogen content of the iron. 
0.0076 to 0.0106 per cent No, is probably the reason 
for the increased strength of rapidly cooled irons. 


No residual carbides were present in any of the 
irons listed in Table 9. The same data also shows 
that an iron melted under 100 per cent CO atmos- 
phere shows practically no increased strength from 
rapid cooling. This fact indicates that it is nitrogen in 
the ferrite rather than carbon that is the major cause 
of the cooling rate effect. From a tensile property 
standpoint, it appears that malleabilizing cycles could 
well include air cooling from 1300 F rather than slow 
cooling. Even slow cooling to 1000 F causes a lowered 
strength level. This subject is discussed further in an- 
other paper.? 


PART 4 
Tensile Property Relationships and 
Quality Index 
Earlier parts of this research have shown that the 
properties of yield strength, tensile strength, and per 
cent elongation are affected by nitrogen, oxygen, and 
water vapor in the-melting .furnace .atmosphere, and 
sulfur content of the iron. If these effects are real, 
they should cause a change in the shape of the tensile 


TABLE 9 — EFFECT OF NITROGEN IN THE MELTING FURNACE ATMOSPHERE ON 
TENSILE PROPERTIES OF MALLEABLE IRON 




















Melting Cool- 
Heat Furnace Iron ing Yield Tensile Elongation Change in Properties 
No. Atmosphere Composition Rate! Strength, psi Strength, psi % YS. TS. %El 
Cc 0% No, 2.44% C, Slow 35,000 50,800 16.9 
1.24% Si, 
100% CO 0.125% P, Fast 35,300 51,300 17.1 + 300 + 500 —02 
0.0076% No 
K 65% No, 2.52% C, Slow 37,100 52,100 16.0 
1.29%, Si, 
35% CO 0.125% P, Fast 39,000 53,100 16.6 +1900 +1000 +06 
0.0089% No 
BA 75% No, 2.37% C, Slow 34,000 52,100 22.4 
12-14%, CO, 1.10% Si, 
12-14% CO, 0.130% P, Fast 37,700 53,500 23.3 +3700 +1400 +0.9 
0.0096% No 
S 100% No 2.34% C, Slow 34,850 52,100 23.4 
1.12% Si, 
0.124% P, Fast 39,600 55,100 20.5 +4750 +3000 —2.9 
6.0106% No 


1 From 1300 F, slow is furnace cooling about 50°F/hr while fast is air cooling. 
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Fig. 3— Plot of plastic flow 
portion of stress-strained curve 
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PERCENT ELONGATION 
suress-strain curve, especially in that part of the curve % El = per cent elongation of the ten- 
beyond the yield strength stress. Several stress-strain sile test, 

curves were therefore determined. Figure 3 shows 1.15 == intersection of straight line por- 


curves for heats BA and BU plotted as stress vs. log 
strain. 

Heat BA was made with cold melt iron, melted and 
held one hour at 2800 F under a dry, normal atmos- 
phere of 12-14 per cent CO, 12-14 per cent COz, 
balance No. Measurements revealed that the deviation 
from the straight line in Fig. 3 above 10.0 per cent 
elongation is accompanied by necking down. The ten- 
sile strength, yield point, and per cent elongation for 
curve BA in Fig. 3 may be approximately described 
by the following equation: 

(1) tensile strength == YS + S (Log % El-Log 

1.15) — 10(0.27 + 0.268% El—0.00534% E12) 
where YS = yield strength, 37700 psi in the 
case of heat BA. 
S = slope of straight line portion of 
stress-strain curve, 15800 in the 
case of heat BA. 


tion of the stress-strain curve 
extrapolated to the yield point 


stress. 


The slope of the nearly straight line portion of the 
stress-log-strain curve is a fundamental metallurgical 
property associated with the plastic flow properties of 
the iron. 

The effect on the curve of an additional 10 points 
of carbon and 12.5 points of sulfur in cold melt iron 
heat BU prepared under the same conditions as heat 
BA is shown in Fig. 3. The curve shows three metal- 
lurgical effects of the additional carbon and sulfur on 
the properties of the iron. First, the slope of the curve 
is lowered. Second, the available strain or elongation 
is decreased. Finally, the curve is displaced downward, 
a given stress producing greater elongation. All three 
of the foregoing effects are a logical consequence of a 
decrease in mean free ferrite path caused by increased 


TABLE 10 — Errect oF VARIOUS FACTORS ON STRESS-PLASTIC STRAIN CuRVE! 




















Heat 
No. Material %C % Si Melting Conditions Slope Observations on Curve 
BA Cold Melt 2.37 1.10 Dry normal atmosphere, 0.085% S 15800 Normal for this C, §S, Si 
BT Iron 2.28 1.10 Dry normal atmosphere, 0.144% $ 16250 Slope raised by low % C 
BU 2.47 1.11 Dry normal atmosphere, 0.21% S$ 13600 Slope lowered by increased %C and 
%, 8S, lowered ductility. 
BO Duplex 2.38 1.19 Dry normal atmosphere, 0.15% 5 15300 Normal for this C, S, Si 
BN No. 2 2.38 1.18 6 gr/cuft water vapor in furnace 14400 Slope lowered by microvoids in iron 
atmosphere, 0.15% S$ from water vapor in furnace atmos- 
phere, lowered ductility. 
BK 2.48 1.17 18 gr/cuft water vapor, 0.15% 5 14000 Slope lowered by higher per cent C. 
BV 2.49 1.00 Desulfurized with soda ash from 15100 Because of desulfurization, the slope 
0.15% to 0.084% S$ with silicon loss is only slightly lower than BO even 
of 16 points. though carbon is 11 points higher. 
5 Duplex 2.38 1.28 35% CO, 65% No, dry, 0.146%,5S 17300 Slope high because of higher % Si 
K No. | 2.52 1.29 35% CO, 65% No, dry, 0.146%, 5 16400 Slope lower than J because of higher 


1 All slopes experimentally obtained with stress-plastic strain curves. 


% C. 
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amounts of graphite and sulfides in the iron. 

The stress-plastic strain curves were determined for 
several of the heats under study. The slope of these 
curves and other observations are recorded in Ta- 
ble 10. 

The data on which Table 10 is based revealed the 
following facts: 

1. Increasing carbon and sulfur percentages reduce 
the slope of the stress-plastic strain curve and available 
ductility. Compare heats J and K; and BT, BA, and 
BU in Table 10. This effect probably results from 
reduced mean free ferrite path. 

2. Water vapor in the melting furnace amtosphere 
reduces slope of stress-plastic strain curve. Compare 
BO, BN, and BK, Table 10. Microvoids in the iron 
from water vapor reduce mean free ferrite path. 

Using the general form of equation (1) and slopes 
from Table 10, the tensile strength of an iron may be 
calculated from the yield strength and per cent elong- 
ation. The calculated tensile strength can then be com- 
pared with the experimentally determined value. 
When this is done, the present equation yields an 
accuracy of about 5 per cent or better. Greater ac- 
curacy requires that more data be taken to evaluate 
all the factors which change the stress-plastic strain 
curve. At this point, however, it is clear that a basic 
metallurgical effect on tensile properties has occurred 
if the yield point stress, slope of the straight line 
plastic strain portion of the curve, or available per- 
cent elongation are altered. The factors of water 
vapor and nitrogen content of the melting furnace 
atmosphere, oxidation of silicon, sulfur content, and 
carbon content of the iron have been shown to have 
such basic effects. 

Quality Index 

Based on the fundamental relation between tensile 

strength, yield point, and per cent elongation, an 


TABLE 1] — TenstteE Test Bar Data! 
Long Cycle, Machined Bars, 0.625-in. Diam. 








Yield2 Tensile Per cent 
Atmos- Strength, Strength, Elonga- 
phere Heat %C % Si psi psi tion 
AS 2.30 Lig 35,900 53,700 22.9 
co B 2.60 1.25 35,700 48,300 10.4 
Cc 2.44 1.24 35,300 51,300 16.9 
D 2.44 1.23 38,000 51,800 15.4 
No E 2.67 1.24 36,400 50,000 13.8 
F 2.90 1.21 32,700 36,800 3.1 
Air H 2.50 1.23 36,300 50.400 13.3 
I 2.30 1.24 39,500 54,600 14.3 
CO. N. : 2.38 1.28 40,200 55,000 19.2 
2 K 2.52 1.29 39,000 53,100 16.6 
CO,CO, L 2.35 1.29 41,500 55,400 17.9 
No M 2.50 1.29 39,900 53,400 14.1 
CO.,N N 2.49 1.29 40,000 53,900 16.8 
aon oO 2.42 1.27 41,500 55,900 18.9 
Air P 2.41 1.02 $9,500 51,400 16.0 
R 2.35 1.03 38,400 51,700 14.5 
No S$ 2.34 1.12 39,600 55,100 20.5 
H,O 
CO,CO», HY 2.44 1.24 38,800 51,600 11.7 
No U 2.33 1.25 38,700 52,300 12.8 
Air v3 2.29 0.94 36,300 51,200 19.5 


1 Reference 1. 
2 0.5% Elongation method. 
8 Cold melt iron, all others duplex iron. 
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index of quality is proposed. It is based on the total 
area under the stress-log-strain curve. The index equa- 
tion is as follows: 
1.Q. = % (TS-YS) (Log % El—Log 1.15) + 
340 + YS (Log % El.—Log 0.50) 





732 
where 340 = triangular area between the stress-log 
strain curve and the extrapolated 
straight line portion of the curve and 
a line through the yield point stress, 
Fig. 3. 

Log. 1.15 == point of intersection of the extra- 
polated straight line portion of the 
stress-log strain curve and the stress 
at the yield point. 

732 — a constant which enables the I.Q. to 
be expressed as a per cent of the 
area under the stress-log strain curve. 
The constant was chosen so that 
several high grade irons would have 
an I.Q. of 100 per cent. 

The index of quality was calculated for all heats 
made thus far from their tensile properties. This in- 
cludes the heats reported in a previous paper!, and 
whose properties are listed in Table 11. The cal- 
culated I.Q. values are listed in Tables 12 through 14. 
The index of quality and the tensile property rela- 
tionships discussed earlier can be used to clarify and 
quantitatively express the effects of those variables 
altering the tensile properties of malleable iron. 


TABLE 12 — MALLEABLE IRON INDEX OF QUALITY* 


Effects of Melting Furnace Atmospheres Containing 
No Water Vapor 





Duplex No. 1 iron remelt used as charge 




















Heat %I1.Q. corrected 
No. Atmosphere %C %Si Y%1Q* t0243%C 
B co 2.60 1.25 72.9 89.9 
Cc 2.44 1.24 86.6 87.6 
D N 2.44 1.23 88.1 89.1 
E 7 2.67 1.24 82.3 106.3 
F 2.90 1.21 37.0 84.0 
H Air 2.50 1.23 81.5 88.5 
I 2.30 1.24 90.3 90.3 
J . sor hl 2.38 1.28 100.0 100.0 
K es 252 129 926 101.6 
L diesen 2.35 1.29 100.0 100.0 
m ©0,CO275%N2 959 199 896 96.6 
N — 2.49 1.29 94.8 101.8 
O CO2,79%N2 949 197 101.2 101.2 
P Air 2.41 1.02 91.0 91.0 
R 2.35 1.03 87.1 87.1 
Duplex No. 2 
BO CO,COo,75%N. 2.38 ‘1.19 90.5 90.5 
Cold melt iron remelt used as charge 

A co 2.30 1.12 97.7 97.7 
S No 2.34 1.12 101.0 101.0 
Vv Air 2.29 0.94 92.0 92.0 
BA CO, COs, 75%Ne 2.37 1.10 100.0 100.0 
BB 2.31 1.04 98.2 98.2 





*1Q= 
4 (TS—YS) (Log %E1—Log 1.15) + 340 + YS (Log %El—Log 0.5) 
732 
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Effects of Carbon Content on Tensile Properties and |.Q. 

Increasing carbon content in malleable irons causes 
a decreasing slope in the stress-log strain curve, re- 
duced ductility and hence reduced tensile strength. 
The yield strength is mildly affected. The I.Q. value 
offers a convenient means of showing the combined 
effects on all tensile properties as shown in Fig. 4. The 
data plotted on Fig. 4 are listed in Tables 12-14 and 
represent only heats melted under dry atmospheres 
since water vapor adversely affects I.Q. Figure 4 
shows that above 2.43 per cent C, I.Q. decreases by 
about 1 per cent per point of carbon increase. Since 
carbon content of about 2.43 per cent has such an 
important affect, any comparisons of tensile proper- 


TABLE 13 — MALLEABLE IRON INDEX OF QUALITY* 
Effect of Water Vapor in an Applied Melting Furnace 
Atmosphere of 12-14% CO, 12-14% COz2, Balance N2 

















Heat H,O %1.Q. corrected 
No. grains/cuft %C %Si %I.Q. to 2.43% C. 
BA 0 237 110 1000 100.0 
BB 0 231 1.04 982 98.2 
BC 6 240 1.11 97.4 97.4 
Cold melt BD 6 243 1.08 956 95.6 
iron BH 9 240 1.12 942 94.2 
remelt BE 12 237 1.08 95.5 95.5 
used as BF 12 240 110 93.8 93.8 
charge BI 15 237 1.08 926 92.6 
BJ 18 238 1.08 915 91.5 
BR 25 245 1.09 896 91.6 
BO 0 238 1.19 905 905 
Duplex BN 6 238 118 872 87.2 
No. 2 BM 9 238 1.17 862 86.2 
wen BL 15 248 1.15 825 87.5 
remelt BK 18 248 1.17 845 89.5 
usedas | Bp 18 234 1.16 87.8 87.8 
charge BS 25 236 1.16 88.5 88.5 
Duplex No. | 
iron L 0 235 1.29 100.0 100.0 
remelt M 0 250 129 896 96.6 
used as Ss T 12 244 124 816 82.6 
charge U 12 233 1.25 845 84.5 
*] = 


4, (TS—YS) (Log %E1—Log 1.15) +340+YS (Log %E1—Log 0.5) 
732 
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ties should be made at constant carbon content. Fur- 
ther comparisons, therefore, will be made at a carbon 
level of 2.43 per cent. The I.Q. of irons of higher than 
2.43 per cent C have been corrected to 2.43 per cent C 
by adding | per cent I.Q. per 1 point C above 2.43 
per ceut and are also listed in Tables 12 through 14. 


Effects of Water Vapor 
in the Melting Furnace Atmosphere on 1.Q. 

In Part 1 it has been shown that water vapor low- 
ered the per cent elongation and tensile strength of 
malleable iron. Figure 1 summarizes the tensile data. 
Reference has been previously made to the scatter of 
data in Fig. 1. A major reason for the scatter is that 
some heats were made at higher than the 2.43 per 
cent C limit referred to in the previous paragraph. 
Correction for carbon variation can be made by using 


Tasie 14 — Errect oF SULFUR ON INDEX OF QUALITY 
OF MALLEABLE IRONS MELTED UNDER Dry, 
CONTROLLED ATMOSPHERES* 

%1Q. %1.Q. 
Heat Corrected to at 
No. %S %C YZSi %B%ILQ. 248% C. 085%5 


cr 0.015 2.56 1.14 93.5 106.5 
Cold CC! 0.020 2.48 1.14 96.1 101.1 








melt CD 0.046 2.39 1.11 106 106.0 102.0 
iron BA 0.085 2.37 1.10 100 100.0 100.0 
used CA 0.140 2.50 1.11 91.5 98.5 104.0 
as BT 0.144 2.28 1.10 96.8 96.8 102.7 


charge CB 0.155 2.38 1.11 93.2 93.2 100.2 
BU 0.210 2.47 1.11 83.0 87.0 99.5 


CE! 0.040 2.36 1.22 95.7 95.7 
BW? 0.067 2.43 0.98 89.2 89.2 87.2 
Duplex BV? — 0.084 2.49 1.00 86.4 92.4 92.4 








No.2 CH 0.093 2.33 1.17 98 98 99.0 

BO 0.150 2.38 1.19 90.5 90.5 98.0 
Duplex CF 0.066 2.32 1.26 102 102 100.0 
No.1 J 0.146 2.38 1.28 100 100 106.0 


*Irons melted under a dry, controlled atmosphere of 12-14% 
CO, 12-14% COs, Balance No; or 21% COs, Balance No. 

1 These data inaccurate because of gas holes and slag flaws in 
test bars. 

2 Silicon oxidation loss. 














PROPERTIES OF MALLEABLE IRON 





Fig. 5— Effect of grains of 
water vapor per cubic foot of 
melting furnace atmosphere 
wail (12-14% CO2, 12-14% CO, bal- 
“7 ance N2) on malleable iron 














index of quality (1.Q.). Irons 
with carbon contents greater 
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-— TT, BR) have had their 1.0. 
adjusted to 2.43% C. 
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WATER VAPOR — GRAINS PER CUBIC FOOT 


the 1.Q. value. Figure 5 presents a graph of I.Q. 
value at 2.43 per cent C and its relation to the grains 
of water vapor per cubic foot of melting furnace at- 
mosphere. Less scatter of data is immediately evident 
in Fig. 5 compared with Fig. 1. Both graphs indicate 
that the first 6 grains water vapor per cubic foot 
cause damage but that the properties continue to be 
impaired by larger amounts. A drop of about 15 per 
cent in metal quality, I.Q., can be caused by water 
vapor in the furnace atmosphere. 

Effects of water vapor on tensile properties are 
again associated with decreased slope of the stress- 
log strain curve, decreased ductility and strength 
level. Experimental determination of slope for heats 
BO, BN, and BK showed a decreasing slope resulted 
from the water vapor in the furnace atmosphere, 
Table 10. These changes in properties are believed 
to be due to microvoids,! produced in the iron by 
water vapor, an effect similar to increasing carbon 
content of the iron. 

Figures 1 and 5 indicate that the tensile properties 
and I.Q. of the cold melt iron are more seriously im- 
paired by water vapor than those of the duplex No. 2 
iron. Furthermore, in Fig. 5 especially, there appears 
to be a consistent difference in quality level of the 
cold melt iron and the duplex No. 2 iron, the latter 
starting out initially at about 8-10 per cent lower 
I.Q. This difference was believed to be due to a dif- 
ference in sulfur level of the two irons, 0.085 per 
cent S compared with 0.15 per cent S. The following 
paragraph shows this is true. 


Effects of Sulfur Content on I.Q. 

In Part 2 it has been shown that increasing sulfur 
contents lowers the per cent elongation and strength 
of malleable iron. These effects may be summarized 
by means of the I.Q. value. Figure 6 shows how mal- 
leable iron 1.Q. is altered by sulfur content in the 
range of 0.04 to 0.21 per cent S. The graph shows 
that an increase of | point (0.01 per cent) S causes 
a loss of about 1.0 per cent I.Q. The base point for 
100 per cent I.Q. was selected as 0.085 per cent S, 


since this value in the cold melt iron consistently 
gave an I.Q. of 100 per cent when melted under 
dry furnace gases. On this basis the duplex No. 2 
iron at 0.16 per cent S would have 7.5 per cent I.Q. 
added to its own I.Q. if it were desulfurized to the 
0.085 per cent level. This difference almost exactly 
accounts for the difference in I.Q. level of cold melt 
and duplex No. 2 iron which is shown on the graph 
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Fig. 6 — Effect of sulfur content on malleable iron index of 
quality (1.Q.). Irons with carbon contents greater than 2.43% 
have had their 1.Q. adjusted to 2.43% C. 
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f Fig. 5. Thus it is demonstrated that malleable iron 
sroperties should be compared at a constant sulfur 
yntent as well as constant carbon content. 

From the I.Q. value and the other data it appears 
hat above about 0.10-0.12 per cent S, tensile prop- 
rties and I.Q. are unfavorably affected. Below 0.085 
ver cent S, the best I.Q. values of 100-110 per cent 
re reached. Sulfur increasing over the range of 0.04 
o 0.21 per cent can cause a total decrease of about 
5 per cent in LQ. 


Effects of Melting Furnace Atmospheres on I.Q. 


Melting the iron under different furnace atmos- 
pheres produces definite changes in I.Q. of the iron. 
Referring to Tables 12-14 for data, the effects of 
melting furnace atmospheres may be summarized as 
follows: 

(98-106.5% 1.Q.) 

Duplex and cold melt irons melted under normal 
atmospheres consisting of mixtures of CO, COs, and 
N. and with free O, and water vapor absent. Only 
carbon is oxidized from the iron. Heats J, K, L, M, 
N, O of duplex No. 1; and BA, BB, CD, CA, BT, 
BU, and CB of the cold melt iron; and BO, and CH 
of duplex No. 2 iron illustrate this point when their 
I1.Q. is corrected to 2.43 per cent C and 0.085 per 
cent S. 

(98-106.5% 1.Q.) minus (10-15% 1.Q.) 

Can be caused by increasing water vapor content 
in range of 0-25 gr/cu ft in the normal atmospheres 
described above. 

(87-96% 1.Q.) 

Melting conditions which are oxidizing with free 
oxygen or cause a silicon oxidation loss to occur, are 
in this range. Heats F, H, I, and P and R of duplex 
No. | iron; heat V of cold melt iron, and heats BW 
and BU of the duplex No. 2 iron illustrate this point 
when their I.Q. values are corrected to 2.43 per cent 
C and 0.085 per cent S. The uncorrected values are 
even lower ranging from 84 to 92 per cent I.Q. 

The I.Q. ratings above positively show three im- 
portant melting furnace atmosphere effects; first, the 
beneficial effects of melting under dry normal com- 
bustion mixtures of CO, CO,, and No»; second, the 
harmful effects which can be obtained from water 
vapor in these gases; third, the harmful effect of 
exothermic oxidation, i.e., silicon loss, from free oxy- 
gen in the atmosphere. The important effect of nitro- 
gen concentration in the furnace atmosphere on yield 
strength and the response of the iron to fast cooling 
after second stage annealing has been treated in Part 
3. Again, all of these effects of furnace atmospheres 
are explainable entirely on the basis of their influ- 
ence on slope of the stress-log plastic-strain curve, 
available ductility, and yield point of the iron. 


Tensile Properties and |.9. — Summary 


A favorable iron analysis for consistently producing 
A.S.T.M. 35018 malleable iron may be suggested on 
the basis of these data. For irons of 1.10-1.30 per 
cent Si, an analysis of 2.43 per cent C maximum and 
about 0.10 per cent S maximum is desired. A mini- 
mum of 2.25 per cent C is believed desirable because 
the iron becomes more susceptible to silicon oxida- 
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tion below this value. Manganese to balance the sul- 
fur should be present. Phosphorus was not studied 
although it was present in the range of 0.10 to 0.126 
per cent in the irons. 

This analysis, however, requires that proper melt- 
ing furnace and annealing conditions prevail, as dis- 
cussed in the previous paragraphs, or the desired ten- 
sile properties will not be attained. 


PART 5 
Effects of Melting Variables on Casting Properties 
of Malleable Iron 
Mottling tendency, fluidity, and hot tearing tend- 
ency are properties of the white iron when it is cast. 
These properties were observed in each of the 100-Ib 
heats made. The data are reported in Tables 2 and 
5 of this report and in Reference 1. 
Mottling Tendency 
Mottling tendency was observed in the fracture 
of a 2-in. diameter by 8.0-in. long bar. Previous 
work!,3.4.5 has demonstrated that nitrogen, oxygen, 
and water vapor in the melting furnace gases retard 
mottling while highly reducing conditions promote it. 
Pertinent cases of mottling observed are as follows: 


TABLE 15 — MOTTLING OBSERVATIONS* 








Heat % % % Melting 
No. Cc Si S Conditions Remarks 
Cl 2.56 1.14 0.015 Calcium carbide, Mottled, cold 


normal atmosphere melt iron 
Calcium carbide, Mottled, cold 
normal atmosphere melt iron 
Sulfurized, Mottled, cold 
normal atmosphere melt iron 


CC 2.48 114 0.020 


CA 2.50 1.11 0.140 


BU 2.49 1.00 0.084 Sodaash Mottled, duplex 
desulfurized No. 2 iron 

B 2.60 1.25 0.146 100% CO Gray, duplex 
No. | iron 

E 2.67 1.24 0.146 100% No Slight mottle, 
No. | iron 

K 2.52 1.29 0.146 35% CO, 65% Neo Slight mottle, 
No. | iron 

M 2.50 1.29 0.146 12-14% CO White, duplex 


12-14% CO»z,75% No No. 1 iron 
21% COs,79% Ne White, duplex 
No. | iron 
White, duplex 
No. | iron 


N 249 1.30 0.146 


H 2.50 123 0.146 Aijr 





*2.0-in. diameter bar 


Other 100-lb heats not listed in Table 15 were com- 
pletely white. There appears to be no effect of sulfur 
content on mottling in these irons. Heats made with 
water vapor in the furnace atmosphere were white 
although the highest carbon content for this series 
was 2.48 per cent. 

Table 15 indicates that mottling can occur in these 
irons at 2.48-2.50 per cent C regardless of per cent 
silicon in the range of 1.00-1.30 per cent. This cor- 
responds to a C + Si value of 3.48-3.80. Heat BV, 
Table 15, has a 3.49 C + Si value. In earlier work 
with these irons, mottling was observed at a lowest 
value of 2.40 per cent C under 100 per cent CO at- 
mosphere’, 4, 5. On the other hand, mottling in the 
same irons was prevented up to 2.57 per cent C by 
melting under a 100 per cent nitrogen atmosphere, 
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Fig. 7 — Fluidity vs. carbon 
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up to 2.64 per cent C in an air atmosphere, up to 
2.82 per cent C in a 100 per cent Hy atmosphere, 
and up to 2.70 per cent C in a 100 per cent H,O 
atmosphere. 

From all these observations, the melting conditions 
show up as a major factor in raising the carbon limit 
for mottling. On the other hand, silicon in these ex- 
periments varied from 1.00 to 1.30 per cent silicon 
without appreciably affecting the carbon limit for 
mottling. The lowest C ++ Si value at which mottling 
occurred was in heat BV, 1.00 + 2.49, or 3.49, at 
1.00 per cent silicon. Since these conclusions have 
been stated in earlier progress reports, 1, 3, * the 
current data substantiates them. The appearance of 
mottling at 2.45-2.50 per cent C is believed to be 
partly responsible for the sudden dropping off of 
tensile properties and I.Q. in this carbon range. 

Fluidity 

Fluidity measurements were made with the fluidity 
spiral as modified by Rosenthal and Porter. A graph 
of inches fluidity for a pouring temperature of 2800 F 
is shown in Fig. 7. The data plotted in Fig. 7 includes 
heats from these data and that of Reference 1 ex- 
cepting the heats made for water vapor and desul- 
furizing studies. The graph in Fig. 7 includes data 
for CO; No; mixtures of CO, COs, and No; and air; 
melting furnace atmospheres. 

A study of fluidity data in Table 2 shows no effect 
of water vapor up to about 12 grains of water per 
cubic foot furnace gases. From 15 to 25 grains of 
water per cubic foot there is a tendency for fluidity 
to be at the bottom of the band in Fig. 7, and two 
heats, BL and BS at 25 and 15 grains per cubic 
foot respectively, are decidedly low in fluidity. How- 
ever, there does not appear to be a positive and con- 
sistent effect of water vapor of lowering fluidity. 

Fluidity of desulfurized heats is listed in Table 5. 
There seems to be a consistent trend for the desul- 
furized heats to be low in fluidity. Heats CE, CH, 
CD, CC, CI all desulfurized with calcium carbide 
show from 1 to 4 in. lower fluidity than normal. 


A definite change in surface tension of the low sulfur 
heats CI, CC, CE, and CD was observed. Figure 8 
shows the tip of the fluidity spiral as it normally 
appears for irons in the range of 0.085-0.21 per cent 
S and also shows the fluidity spiral tip for the low 
sulfur irons. The difference in surface tension is evi- 
dent in Fig. 8. 

Aside from the fluidity trends mentioned above, 
no additional effects were noted. 


Hot Tearing Tendency 


Resistance to hot tearing was measured with the 
hot tear testing device described in Reference 5. The 








Fig. 8 — Example of difference between surface tension char- 

acteristics of high and low sulfur content iron, Heats CA, 

0.14% S and CI, 0.015% S. Upper: Fluidity spirals otf CA, 

left; CI, right. Lower: Side view of fluidity spiral tips, CA, 
lower; CI, upper. 
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strength, in psi, necessary to rupture a standard cast- 
ing is measured. Data for all heats tested are listed 
in Tables 2 and 5, and Reference 1. These data are 
plotted in Fig. 9 with the exception of those heats 
melted under air. This figure shows the characteristic 
effect of carbon content on stress required to hot 
tear the test casting. This same shape of curve has 
been previously reported’, although the slopes of the 
lines are much steeper in this data. This difference is 
probably due to the difference in furnace size used, 
the earlier work involving 9-lb heats, the present 
work 100-lb heats. All data from both the desulfurized 
and water vapor treated heats are plotted in Fig. 9. 
No effect is evident from either variable. The earlier 
work’, reported a lowering of hot tearing strength 
from water vapor at carbon contents above 2.45-2.50 
per cent C. Since 2.48 per cent C was the highest 
per cent C studied in this series of heats where water 
vapor was added to the furnace gases, no compari- 
sons could be made with the earlier work done at 
the higher carbon percentages. 

Oxidizing melting conditions, air or free oxygen, 
were found to have a harmful effect of reducing hot 
tearing strength. Heats F, H, I, P, and R of duplex 
No. | iron, and V of the cold melt iron all melted 
under air had low hot tearing strength values. This 
was especially true at low carbon content. Heat V 
at 2.29 per cent C had a value of 280 psi and heat I 
at 2.30 per cent C had a value of 230 psi. These 
values are substantially below the range shown in 
Fig. 9. 





PART 6 
Role of Nitrogen in Malleable Iron 

Nitrogen in melting furnace atmospheres has been 
proven to affect the tensile properties, annealability, 
and mottling tendency of malleable iron. These ef- 
fects of nitrogen were shown to be related quantita- 
tively to nitrogen content of the furnace atmosphere. 
To vary nitrogen concentration, gases studied includ- 
ed 100 per cent CO; 65 per cent Nj—35 per cent 
CO; 75 per cent No, 12-14 per cent CO, 12-14 per 
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cent CO,; 79 per cent No—21 per cent CO,; and 100 
per cent Nz. In addition, nitrogen was bubbled 
through the melt when desulfurization by calcium 
carbide injection was used. These exposures to nitro- 
gen produced nitrogen concentrations in the iron ac- 
cording to Table 16. 

Table 16 reveals that nitrogen pick-up by the iron 
shows a relationship to nitrogen content of the melt- 
ing furnace atmosphere as shown in Table 17. 

Injection of nitrogen into the melt as a carrier for 
CaC, during desulfurization produced high nitrogen 
pick-up by the iron. Heats CI, CC, CD, CF, CE, and 
CH showed this effect. As much as a 100 per cent 
increase in nitrogen content was obtained by No. in- 
jection of the melt at 2800 F. For example, heat CE, 
injected with N., contained 0.0164 per cent No. and 
can be compared with heat A, 0.0080 per cent No, 
which was melted under a 100 per cent CO atmos- 
phere. Heats to which iron sulfide and ferromanga- 
nese were added, CA, CB, BT, and BU showed an 
increased nitrogen pick-up. The ferromanganese used 
contained 0.030 per cent N, but this would amount 
to only 0.00007 per cent Nz» added in the largest 
addition. 

Nitrogen and Annealability 

Nitrogen in the melting furnace atmosphere has 
been found to be potent in retarding second stage 
graphitization. A comparison of the nitrogen values 
on Table 16 and cooling rates for second stage 
graphitization in Tables 4 and 7 and Table 14 in Ref- 
erence 1, makes it possible to summarize the rela- 
tionship of nitrogen content of the iron to second 
stage graphitizability. The lowest nitrogen contents of 
0.0076, 0.0080, and 0.0089 per cent in heats C, A, 
and K, respectively, were accompanied by the fast- 
est permissible cooling rates of 40, 30, and 30° F/hr, 
respectively, regardless of per cent silicon in the range 
1.10-1.29 per cent. Heats D and J at 0.0096 per cent 
and 0.0103 per cent Ng, respectively, were next fast- 
est, allowing a cooling rate of 20° F/hr. Heats BO, 
N, BA could be annealed at 10° F/hr and were in 
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TABLE 16 — NITROGEN CONTENTS OF WHITE IRONS 
AS RELATED TO MELTING PRACTICE* 




















ow 
5 Heat % q% % Melting Conditions 
s No. C Si Ne 
A 2.30 1.12 0.0080 Melted down under air, held 
under 100% CO at 2800 F. 
S 2.34 1.12 0.0106 Melted down and held under 
100% No. 
Ve 2.29 0.94 0.0131 Melted down and held under air. 
BA 2.37 1.10 0.0096 Melted down and held under 
75% No, 12-14% CO, 12-14% 
COs. 
BR 2.45 1.09 0.0096 Same as BA with 25 grains water 
vapor per cu ft gas. 
Ci 2.56 1.14 0.0118 CaCy, desulfurized, 0.50 cu ft No 
Cold injected. 
melt CC 2.48 1.14 0.0103 CaC, desulfurized, 0.48 cu ft No 
iron injected. 
CD 2.39 1.11 0.0118 CaC, desulfurized, 0.39 cu ft No 
injected. 
CA 2.50 1.11 0.9168 Melted down and held under 
CB 2.38 1.11 0.0152 Same as for CA 
BT 2.28 1.10 0.0098 Same as for CA 
BU 2.38 1.11 0.0101 Same as for CA 
C 244 1.24 0.0076 Melted down under air, held 
under 100% CO, 2800 F. 
D 2.44 1.23 0.0096 Melted down under air, held 
under 100% No. 
I 2.30 1.24 0.0096 Melted down under air, held 
Duplex under air. 
K 2.52 1.29 0.0089 Melted down and held under 
No. 1 65% No, 35% CO. 
J 2.38 1.28 0.0103 Melted down and held under 
65% No, 35% CO. 
N 2.49 1.29 0.0099 Melted down and held under 
79% No, 21% COs. 
CF 2.32 1.26 0.0146 CaC, desulfurized, 0.29 cu ft No 
injected. 
BO 2.38 1.19 0.0088 Melted down and held under 
dry 75% No, 12-14% CO, 12- 
14% COx. 
BS 2.36 1.16 0.0136 Same as BO with 25 grains water 
Duplex vapor added per cu ft. 
BW 2.43 0.98 0.0102 Melted down and held under 
No. 2 same gas as BO, desulfurized 
with soda ash. 
BV 2.49 1.00 0.0077 
CE 2.36 1.22 0.0164 CaC, desulfurized, 0.48 cu ft No 
injected 
CH 2.33 1.17 0.0152 CaC, desulfurized, 0.39 cu ft No 
injected 
Low-carbon 
ferro-manganese 0.03 


*Acid soluble nitrogen determined by a method described in 
Reference 6. 





the range of 0.0088 to 0.00997 per cent No. 

The foregoing irons were all melted under dry, 
non-oxygen bearing atmospheres at normal sulfur 
levels. The heats that could not be annealed at 10° 
F/hr contained from 0.0096 per cent Nz to 0.0164 
per cent Np» and also included among them were 
those melted under the following conditions: (1) 
irons melted in atmospheres containing water vapor; 
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TaBLe 17 — RELATIONS BETWEEN NITROGEN CONTENT 
OF MELTING FURNACE ATMOSPHERE AND 
NITROGEN CONTENT OF IRON 








Nitrogen in 
Atmosphere Heat Iron, % 
0% Ne, A — Cold Melt 0.0080 
100% Co C — Duplex No. 1 0.0076 
68% No, K — Duplex No. 1 0.0089 
32% CO J — Duplex No. 1 0.0103 
75% No, BA — Cold melt 0.0096 
25% CO+CO, BO-— Duplex No.2 0.0088 
79% No, 

21% CO, N — Duplex No. 1 0.0099 
79% No, I — Duplex No. 1 0.0096 
21% Oo V — Cold Melt 0.0131 
S — Cold melt 0.0106 

100% Ne D — Duplex No. 1 0.0096 





(2) irons melted in atmospheres containing free oxy- 
gen; (3) irons which had Ng injected into the melt; 
(4) irons which had their sulfur content raised above 
about 0.150 per cent; (5) irons which experienced 
a silicon loss due to desulfurization with soda ash. 
These data show that nitrogen increases resistance to 
second stage graphitization but that the other factors 
named above also interfere with annealability. 

An acid-soluble nitrogen content of under 0.010 
per cent Ne in the iron appears desirable for pro- 
moting second stage graphitization. 


Nitrogen and Tensile Properties 


Part 3 has demonstrated that a nitrogen content of 
0.0106 per cent Nz» is capable of causing over 10 
per cent increase in yield point of malleable irons 
providing fast cooling from 1300 F is incorporated 
in the annealing cycle. The lowest yield point values 
obtained in these experiments are obtained with heats 
A, B, and C, melted under 100 per cent CO having 
a yield point between 35,300 and 35,900 psi after 
fast cooling. These irons had nitrogen contents of 
0.0076 per cent for heat C and 0.0080 per cent for 
heat A. All other irons with higher nitrogen contents 
had consistently high yield points. Inspection of the 
data reveals that acid soluble nitrogen content of 
about 0.010 per cent is desirable for promoting a 
yield point in the range of 37000 to 41000 psi at 
2.35 to 2.40 per cent C, the higher yield strength 
being reached at high silicon content. 

A tendency to ascribe to the nitrogen content of 
the iron all the affects associated with melting under 
the many conditions studied in this project should 
be avoided. Reducing melting atmospheres, exother- 
mic oxidation in melting, water vapor, carbon level, 
sulfur level, etc., all are major factors altering the 
properties of malleable irons in ways that have now 
been evaluated to a considerable extent. 
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DISCUSSION 


Chairman: C. F. JoserH, Central Foundry Div., General 
Motors Corp., Saginaw, Mich. 

Co-Chairman: Mitton Tittey, National Malleable & Steel 
Castings Co., Cleveland. 

E. A. Loria! (Written Discussion): This is another excellent 
progress report of the factors producing variations in the prop- 
erties of malleable iron. The writer has no comments on the 
paper itself but would like to present some additional work 
that bears on the subject. 

A recently completed study! by other members of the Uni- 
versity of Wisconsin staff would be of interest. Six experimental 
heats were made in a No. 2 cupola under carefully controlled 
conditions and two samples from each heat, each weighing 
100 Ib, were transferred to an induction furnace for either (a) 
mixing with steel (series A) or (b) treatment with carbon 
dioxide gas (series B) to adjust the carbon to the desired level 
for Class A malleable. 

After the respective treatments in the induction furnace, the 
iron from each series was poured directly into molds for tensile 
test specimens and step bars for annealability tests, fluidity 
spirals, a hot tear test, and 7-in. round bars, 15 in. long for 
machinability tests. Analyses indicated the irons to have a 
maximum carbon deviation of 0.11 per cent, a maximum silicon 
deviation of 0.17 per cent, and very close manganese, sulphur 
and phosphorus contents. 

The series A heats (diluted with steel) were generally in- 
ferior to the series B heats (decarburized with carbon dioxide) 
in both first and second stage annealability, in graphite nodule 
characteristics and in tensile ductility. Tensile test results were 
obtained from both laboratory annealed and commercially 
annealed bars. Generally the yield strength values for commer- 
cially annealed bars were slightly lower and the ultimate strength 
values substantially lower than the comparable values for the 
laboratory annealed bars. 

The ductility values were also lower after commercial anneal- 
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ing but the difference was not so evident in the machined bars. 
These differences between laboratory and commercially annealed 
bars apparently came from a skin effect resulting from the 
more highly oxidizing conditions existing during commercial 
annealing. For a given carbon content and pouring tempera- 
ture it was found that a reducing atmosphere during melting 
will increase hot tear strength of white cast iron.2 

Low pouring temperatures also tend to increase hot tear 
strength. The malleable irons decarburizcd with carbon di- 
oxide have much higher machinability ratings than those 
diluted with steel. A statistical study of the individual con- 
stant pressure ratings revealed that the probability of a differ- 
ence in melting practice was highly significant. The beneficial 
effect on machinability brought about by decarburizing the 
irons with carbon dioxide was only partially explained by an 
increased nodule count. 

In an earlier laboratory study,* the time necessary for first 
stage annealing of 14- to 34-in. thick sections of white iron step 
bars was obtained on a series of commercial irons made by the 
cupola-air furnace duplexing process. Metallographic tech- 
niques were employed to follow the progress of annealing. 
Numerous graphite nodule counts were made and a graphite 
rating chart was used to define nodule size. A carbide rating 
chart evaluated the small amounts of residual carbide (cemen- 
tite) remaining in specimens that had nearly completed first 
stage graphitization. Also, the as-cast structures of the different 
irons were examined and correlated with nodule counts on 
annealed specimens. 

In a majority of cases, a finer primary carbide structure pro- 
duced a higher nodule count on annealing but the degree of 
this difference varied with the section size. Statistical correla- 
tion of irons of similar chemistry and section size shows that 
the irons which possess a finer as-cast structure readily undergo 
first stage annealing but the total time necessary to decompose 
all of the primary carbide remains the same. The “safe” time 
to decompose the primary carbide completely was given for 
each section thickness. The number of graphite nodules did 
not change materially after the initial phase of annealing was 
completed. No correlation between nodule count or nodule 
size and chemical analysis could be determined for the com- 
pletely annealed irons. 

There are variables other than section size which undoubtedly 
influence the graphitizing rate. These would be quite possible 
in the above study since irons covering 26 days of commercial 
operation were considered. From the standpoint of composition, 
there was sufficient spread to cause variations in annealing 
characteristics. The carbon content of the air furnace iron 
ranged from 2.00 to 2.33 per cent (with 0.95 to 1.29 per cent 
silicon). With sulphur content ranging from 0.196 to 0.235 
per cent, the indications are that there was considerable con- 
tact with the coke in the cupola which would give high carbon 
as well as high sulphur contents. With air furnace carbon con- 
tents as low as 2.00 per cent, there must have been considerable 
oxidation of carbon in the air furnace. With this much oxida- 
tion of carbon there must have been some oxidation of the 
metal itself. 

Metal oxidation affects annealability by way of a lowered 
graphite count as well as metal fluidity.5 Since fluidity, or the 
sluggishness of the metal, may be tied in, a priori, with oxida- 
tion, there should be some correlation between fluidity and 
graphitizing rate (as measured by nodule count) and fluidity 
and resistance to anneal (as shown by the amount of residual 
cementite). To investigate these relations, the four irons listed 
in Table A were selected from the original study. The correla- 
tion between metal fluidity and nodule count is given in Table 
B and that between metal fluidity and residual cementite is 
given in Table C. 

It can be seen that low fluidity iron 1-21 had a lower graphite 
nodule count and a greater amount of residual cementite in 
each section thickness. The results can be compared directly 
with those for iron 1-20 which had a somewhat higher carbon 
content. Also, the relation between fluidity and annealability 
is substantiated by the results for iron 2-16 and 2-24 which had 
good fluidity values. Though the latter have lower carbon 
contents than iron 1-21, they probably had lower cupola carbon 
contents to begin with and the degree of metal oxidation (the 
lowering of the carbon content) in the air furnace was conse- 
quently less. 
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Taste A— METAL ANALYSIS AND RELATED TESTS ON METAL TEMPERATURE AND FLUIDITY 








Air Metal 
Indentification Metal Analysis (Air Furnace) Furnace Fluidity 
No. %C % Mn % Si %S %P Temp. F in. 
1-20 2.33 0.54 1.05 0.225 0.125 2855 40 
1-21 2.26 0.57 1.05 0.200 0.157 2835 28 
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TaBLeE B— METAL Fiumiry AND GRAPHITE NODULE COUNT ON ANNEALING AT 1700 F For INDICATED TIME 





Graphite Nodule Number for Indicated Time (Hours) * 














Identification Fluidity, l%-in. Thick Section 4-in. Thick Section 14-in. Thick Section 
No. in. 1 2 3 1 2 3 4 5 7 8 9 10 
1-20 40 49 62 90 11 16 40 42 50 30 55 20 40 
1-21 28 17 7 34 39 16 25 31 33 19 31 15 27 
2-16 40 25 63 65 22 18 35 37 34 26 39 24 34 
2-24 48 52 91 68 58 60 49 71 70 47 50 $2 54 

*Each value is an average of five nodule counts 
TasLe C — METAL Fiumiry AND Pct REsipuAL CEMENTITE ON ANNEALING AT 1700 F For INDICATED TIME 
Pct Residual Cementite for Indicated Time (Hours) 

Identification Fluidity, l%-in. Thick Section 4-in. Thick Section 14-in. Thick Section 
No. in. 1 2 3 1 2 3 4 5 7 8 9 10 
1-20 40 25 15 0 >25 >25 4 0 0 8 8 4 4 
1-21 28 30 30 0 >25 25 20 4 0 20 15 4 4 
2-16 40 30 0 0 >25 >25 25 0 0 4 ! 8 4 
2-24 48 >25 12 8 0 0 t 4 4 0 
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V. Dawson? (Written Discussion): We read your paper 
“The Effects of Some Melting Variables on the Properties of 
Malleable Iron,” and found it interesting especially Section 6, 
concerning the effect of nitrogen. We at the B.C.I.R.A. have 
done some work on the effects of nitrogen. Apparently our 
results have been overlooked by you and so I thought you might 
be interested to learn of our findings. I give below reference to 
some of our papers. 


“Chemical determination of nitrogen in cast iron,” H. J. 
Winkler and B. B. Bach, J.R.D., June 1953, R.R. No. 354. 

“Determination of oxygen, hydrogen and nitrogen in cast 
iron,” B. B. Bach, J. V. Dawson, and L. W. L. Smith, J.U.S.1., 
vol. 176, March 1954, pp. 257-63 E.R. 333. 

“Estimation and influence of the gaseous elements in cast 
iron,” L. W. L. Smith, B. B. Bach, and J. V. Dawson, F.T.J., 
vol. 96, March 4th, 11th and 18th, 1954, pp. 233-8, 275-80, 303-9. 

“Some effect of nitrogen in cast iron,” J. V. Dawson, L. W. L. 
Smith, and B. B. Bach, AMERICAN FOUNDRYMAN, July and August, 
1954. 


Your results showing nitrogen retarding the second stage 
anneal are in full agreement with ours but you make no men- 
tion of first stage annealing. We found that nitrogen very 
actively retarded the first stage anneal giving the large aggregate 
nodules which are usually associated with a retarded anneal. 
This coarsening of the graphite structure would, of course, effect 
the rate of second stage anneal quite apart from any direct 


2. The British Cast Iron Research Association, Bordesley Hall, Alve- 
church, Birmingham, England. 





effect of the nitrogen on this stage. We should be very interested 
to know if you found any effects of nitrogen on the first stage 
anneal in your experiments. 

May we also draw your attention to a paper by our Mr. 
L. W. L. Smith entitled, “Chemical Analysis for Nitrogen as an 
Indication of the Nitride Forming Elements in Cast Iron,” 
B.C.1.R.A. Journal of Research and Development, vol. 5, no. 9, 
December 1954. . . . In the light of the nitrogen figures given 
by Mr. Smith for untreated irons, and assuming your acid- 
soluble nitrogen is the same portion as his HC]-soluble nitrogen, 
the nitrogen values you quote seem remarkably high, even in 
normal air melted samples. We have never found a total 
nitrogen content greater than 0.0140 per cent where no nitrogen 
has been purposely added and even this value is very high in 
our experience. (See B. B. Bach: “Gas Analyses of Cast Iron 
Produced at Various Foundries,” B.C.I.R.A. Journal of Research 
and Development, October 1953, Research Report 367) . 

In view of the apparent analytical discrepancy between your 
results and ours, and in the interests of establishing the facts, 
it would be interesting if we could exchange samples for analy- 
sis in our respective laboratories. 


Pror. Heine (Author’s Closure): The discussion of Messrs. 
Loria and Dawson is gratefully acknowledged. No comment on 
Mr. Loria’s discussion is needed since his information is largely 
supplementary to this paper. Mr. Dawson's reference to the 
work on nitrogen in cast irons accomplished by his associates 
and himself is recognized. No reference is made to it in this 
paper because of its nature as a progress report in which it is 
a part of a project of longer range. When our work is com- 
pleted and a summary is in order, comparisons with other work 
will be made. We believe comparisons of nitrogen contents are 
in order and will try to send some of our samples to Mr. Dawson. 
The paper does not deal with specific effects of nitrogen on first 
stage graphitization because this was considered in the progress 
report of 1954 with reference to the nitrogen content of melting 
furnace atmospheres employed when the iron is melted. No 
further comment is necessary. 
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PRINCIPLES APPLICABLE TO 
VERTICAL GATING 


By 


K. R. Grube and J. G. Kura* 


ABSTRACT 

Development of a design for a vertical gating system 
for light alloys that will consistently produce high- 
quality castings has been the objective of a research 
program sponsored at Battelle Memorial Institute by 
the Frankford Arsenal. The research project was under 
the guidance of the research committee of the Light 
Metals Division of the American Foundrymen’s Society. 

A gating system was developed that has produced 
high-quality aluminum plate castings. The development 
of the design was achieved by studying the flow of 
water through transparent models of the various com- 
ponents of the gating system. Plate molds used in the 
studies had cavities 1 in. thick, 6 in. wide, and 4, 12, 
and 31 in. high. 

The recommended system consisted of a tapered 
rectangular sprue, an enlargement of the runner at the 
base of the sprue, a horizontal runner with a cross- 
sectional area twice the area at the bottom of the 
sprue, an extension of the runner past the gate with 
the same cross-sectional area as the runner, a flared 
gate connecting the runner to the bottom of a side 
riser, and a side riser connected to the mold cavity by 
means of a continuous web. Sprues with an exit open- 
ing of \ by 1 in. produced a flow rate equivalent to 
about 14 lb of magnesium, 1% lb of aluminum, or 112 Ib 
of iron per second. 


Introduction 


Demands of modern industry have placed the 
foundryman in a position where he must constantly 
be looking for improved methods that will aid him 
to produce high-quality castings economically. Pro- 
duction of high-quality castings requires not only 
proper melting and molding operations and properly 
designed pattern equipment but also an understand- 
ing of principles of gating so that clean metal can 
be delivered to the mold cavity with a minimum 
amount of turbulence. 

As would be expected in an expanding industry 
that becomes more and more quality conscious, con- 
siderable interest exists in the development of good 
gating practice. This is especially true in the light 


* Research Engineer and Division Chief, respectively, Battelle 
Memorial Institute, Columbus, Ohio. 


Experimental work sponsored by Frankford Arsenal, U. S. 
Army, under Contract No. DA-33-019-ORD-1383, and guided by 
the Research Committee of the Light Metals Division of the 
American Foundrymen’s Society.} 
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metal foundries because their alloys are prone to the 
formation of dross and, therefore, are sensitive to the 
design of the gating system employed. 

Considerable research!-3 has been conducted re- 
cently on the design of the various components of 
the gating system, using molten metal as the liquid. 
In this work, the objective was to eliminate turbu- 
lence within the gating system and mold cavity by 
proper design of the various components of the gat- 
ing system. Although valuable information was gained 
from all studies made with liquid metals, the useful- 
ness of this technique was restricted by the fact that 
metals are opaque and, therefore, direct evidence of 
internal turbulence was difficult to observe. 


To obtain more precise information on flow char- 
acteristics in gating systems, a research program was 
initiated by the American Foundrymen’s Society in 
1947 at Battelle Memorial Institute. To permit visual 
observaions of flow characteristics, water was poured 
in transparent models of the various components of 
the gating system. Gating principles were developed 
by study of high-speed motion pictures of the labora- 
tory tests conducted with water flowing in the trans- 
parent models. These principles were then verified 
by pouring metal castings in the foundry. The results 
of the research conducted on horizontal gating sys- 
tems with these techniques have been published.*-6 
Acceptance of the laboratory results by the Foundry 
Industry was evidenced by the interest in motion pic- 
ture films7-® that demonstraied the principles of gat- 
ing, and by subsequent publications!®13 that de- 
scribed commercial applications of the principles. 


The success with which the water technique was 
applied to horizontal gating systems led to its use in 
an investigation of vertical gating systems. This prog- 
ress report, the third of a series, has as its objective 
the establishment of some of the principles governing 
the design of a vertical gating system that is applica- 
ble to permanent molds, shell molds, or sand molds 
of appreciable height. 


+The Research Committee of the Light Metals Division of 
AFS has consisted of the following members: W. E. Sicha, Chair- 
man; W. Bonsack, R. F. Thomson, C. E. Nelson, T. D. Stay, 
W. J. Klayer, J. G. Mezoff, and H. J. Heine. 
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In the previous reports on vertical gating sys- 
tems,14,15 tests were described in which sprues of 
various designs entered directly into the mold cavity 
either at one side edge near the bottom or at the 
bottom near one side edge. Tests were also described 
in which the sprue entered either the side or the 
bottom of a side riser adjoining the full height of 
the mold cavity. At the conclusion of the research 
described in the second progress report,15 a gating 
system was designed that reduced turbulence consid- 
erably and prevented entrainment of air (dross) in 
the casting. This preferred design included an en- 
largement of the runner at the base of a tapered 
rectangular sprue, a gate connecting the top surface 
of the runner to the bottom of a side riser, an ex- 
tension of the runner past the gate, and a continuous 
web section that connected the side riser to the mold 
cavity. Further research was necessary to establish 
the limitations of the preferred gating system before 
it could be recommended. The results of this addi- 
tional experimental work are presented in this report. 

The present investigation was conducted by pour- 
ing water in transparent models of molds and record- 
ing the flow characteristics by high-speed photog- 
raphy. Entrainment of air in the water was assumed 
to be indicative of dross formation during the pour- 
ing of aluminum or magnesium. A flow rate equiva- 
lent to approximately 14 lb of aluminum per second 
was selected as a standard rate for this study, since 
this practice is employed successfully in pouring alu- 
minum in various sizes and designs of permanent 
molds. 16 

The effects of sprue length and taper on aspiration 
and flow rate were determined for rectangular sprues. 
A study also was made of the effect on flow charac- 
teristics of the design of the enlargement of the runner 
at the base of the sprue, the runner, the runner 
extension, the gate connecting the runner with the 
bottom of the side riser, and the web connecting the 
riser with the mold cavity. The excellent results ob- 
tained in the laboratory with the optimum gating de- 
sign were verified by casting aluminum alloy test 
plates in shell molds. 


Experimental Procedures 


Equipment. Models of molds, sprues, and other 
components of the gating system were constructed of 
transparent plastic sheet. All of the sections were 
joined together with either a plastic cement or ma- 
chine screws. By this method, it was possible to -con- 
struct the various components rather inexpensively. 
All of the parts were clear; the action of the water 
could be readily observed and could be photographed. 

Three plate molds with cavities 4, 12, and 31 in. 
in height were constructed of plastic sheet. Each had 
a cavity thickness of 14 in. and a width of 6 in. Most 
of the tests were conducted with the 12-in. mold. 
Vent holes were drilled along the top of the molds 
to allow air to escape from the cavity. 

Although pouring basins are not normally em- 
ployed in the permanent mold foundry, a transparent 
pouring basin was used in the laboratory to control 
the pressure head over the top of the sprue and to 
provide a method of filling the system without en- 
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trainment of air. A stopper, molded to the shape of 
the top of the sprue, was removed when the water 
in the basin reached the desired level of 1 in. By 
this pouring procedure, it was possible to fill the 
sprues in a consistently reproducible manner. Thus, 
the effects of the various changes in design of the 
gating system under test could be evaluated precisely. 

After an improved gating system had been de- 
signed, it was evaluated by pouring directly into the 
sprue from a ladle. In these tests, the top of the 
sprue was flared to form a cup and, thus, facilitate 
fast pouring at the start. When metal castings were 
prepared in the foundry, they also were poured with- 
out a pouring basin. 

Previous work!.4-9,14,15,17 had demonstrated that 
aspiration of air would occur in sprues that are not 
tapered. Since aspiration of air, or mold gases, is 
likely to cause dross formation during the pouring 
of the light alloys, tapered sprues were employed 
throughout the research program. The exit end of 
these sprues measured 14 in. by 1 in. 

Characteristics of flow through the various gating 
systems were photographed at 128 frames per second 
on black and white 16-mm motion-picture film. These 
films, projected at 16 frames per second, showed the 
action at 14 of the normal speed of the flow. Thus, 
detailed analysis could be made of the various tests. 





\% in. by 1 in. 

Bottom % in. by 1 in. 

Taper 0.008 in. per in. 

Y% in. thick, 6 in. wide, 12 in. high 
0.78 lb of aluminum per sec. 


Sprue: Top 


Mold cavity: 
Average flow rate: 


Fig. 1— Start of the pour of a water casting with the sprue 
entering directly into the bottom of the mold cavity. 
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Y% in. by 1 in. 
Bottom 4 in. by 1 in. 
Taper 0.008 in. per in. 


Sprue: Top 


Riser: 14%4 by 1% in. 
Web: \%, in. thick 
Mold cavity: Y4 in. thick, 6 in. wide, 12 in. high 


Average flow rate: 0.79 lb of aluminum per sec. 


Fig. 2— Development of turbulence by attaching sprue di- 
rectly to side of a side riser. Dye added to the water during 
the later stages of the pour, Fig. 2a, reveals the turbulent 
pattern is present up to the time the mold is completely filled. 


The pictures of flow in the transparent models 
included in this report were photographed by means 
of an electronic flash, the duration of which was 
1/5000 of a second. 

Method of Gating. The method by which the 
liquid is delivered to the mold cavity is of primary 
importance for the production of high-quality cast- 
ings. Gating directly into the bottom of a mold cavity 
produces a strong jet, as illustrated in Fig. 1, that 
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develops a considerable amount of turbulence. Al- 
though this gating method is not common among the 
light-alloy foundries, it illustrates the potentially dam- 
aging condition created by the high velocity of the 
liquid (approximately 614 feet per second) leaving 
the sprue. 

Another method of gating often employed is to 
use a sprue attached directly to the side of a side 
riser near its bottom. This design, shown in Fig. 2. 
creates a considerable amount of turbulence thar 
could result in a defective casting. The liquid, in a 
sprue of this design, has a velocity of approximately 
7 feet per second. The flow pattern, indicated wher 
dye is added, reveals that the last liquid to enter 
swirls around the periphery of the casting. 

It is apparent from Figs. 1 and 2 that the high 
velocity of the liquid leaving the bottom and side- 
entry sprues creates considerable turbulence within 
the mold cavity. To eliminate casting defects result- 
ing from this source of turbulence, special considera- 
tion must be given to the system between the sprue 
and the mold cavity with the objective of decreasing 
the velocity of the stream before the stream enters 
the casting cavity. 

For the designs shown in Figs. 1 and 2, slow pour- 
ing would reduce the amount of turbulence. How- 
ever, pouring of the light alloys by the pencil-stream 
method could intensify the formation of dross if the 
pour-off man were lax or inexperienced in the art. 
It was desirable, therefore, to develop a gating sys- 
tem whereby clean castings could be produced con- 
sistently by following two simple rules: (1) fill the 
sprue quickly and (2) keep the sprue full at all 
times. 

Near the end of the previous research program,'® 
a gating system was developed that appeared to have 
many desirable features. A drawing of the improved 
gating system is shown in Fig. 3. It consists of a 
tapered sprue attached to a horizontal runner that, 
in turn, is connected by a gate to the bottom of the 
side riser. This method of gating provides a means 
whereby an appreciable portion of the kinetic energy 
of the liquid flowing down the sprue can be dissipated 
and the velocity reduced before the stream leaves 
the gate. The velocity of the liquid leaving the sprue 
is approximately 7 feet per second whereas the veloc- 




















Runner extension 


Fig. 3 — A schematic sketch of a tentative improved vertical 
gating system. 
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Sprue: Top Y, in. by 1 in. 
Bottom 1} in. by 1 in. 
Taper 0.008 in. per in. 


Enlargement: l-in. diameter 
Runner and runner 

extension: 546 in. wide 

¥%, in. high 
Gate: Entrance 5% in. by % in. 
Exit Y4 in by 1 in. 

Riser: 14% by 1% in. 
Web: 14 in. thick 
Mold cavity: Y in. thick, 6 in. wide, 12 in. high 


Average flow rate: 0.55 lb of aluminum per sec. 


Fig. 4— Properly designed vertical gating system. Note 
absence of jetting and minimization of turbulence. 


ity at the exit end of the gate is 114 feet per second. 
The quiet manner in which the liquid starts to enter 
the riser is illustrated in Fig. 4. Elimination of severe 
turbulence by this combination of gating components, 
before the liquid enters the mold cavity, should pro- 
duce high-quality castings. 

After a gating system was developed that appeared 
to deliver the liquid with a minimum of turbulence, 
the next problem was to investigate the limitations 
of the design of each of the various components that 
make up the gating system. 

Effect of Sprue Length and Taper. Character- 
istics of flow through rectangular sprues were studied. 
Sprues of three different lengths, 9, 17, and 36 in., 
were selected to encompass the range that might be 
encountered in commercial practice. The bottom 
cross section of each was 4 by | in. A sprue with 
this bottom cross section, and with sufficient taper 
to prevent aspiration, provided a flow rate approxi- 
mately equivalent to 14 lb of aluminum per second 
when attached to the gating system and mold. This 
flow rate is comparable to rates at which many alumi- 
num castings are poured in permanent molds.1!5 

Both tapered and untapered sprues were tested. 
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The taper, when present, was in the thickness direc- 
tion of the sprues. Thus, a 17-in. sprue with a taper 
of 0.008 in. per in. had a cross section of 14 by | in. 
at the bottom and about 4 by | in. at the top. 
Tapers of 0.004, 0.008, and 0.016 in. per in. were 
investigated. 

The sprues were first tested with no mold attached 
to them. These tests showed that, when the taper 
was 0.004 in. per in. or less, aspiration of air occurred. 
An increase in the taper to 0.008 in. per in. pre- 
vented aspiration. Therefore, rectangular sprues with 
a total taper of 0.008 in. per in. were employed in 
all of the laboratory tests. 

Further tests were made to determine the minimum 
sprue taper that is required to prevent aspiration 
when the sprues are attached to molds of relatively 
small cross section. Molds 4, 12, and 31 in. in height 
were employed in these tests with the 9-, 17-, and 
36-in. sprues, respectively. 

When a mold was attached to a sprue, as little as 
0.004 in. per in. of taper was sufficient to prevent 
aspiration. The back pressure created by the gating 
system was effective in reducing the tendency toward 
aspiration within the sprue. On the other hand, when 
sprues without taper were attached to the molds, 
aspiration occurred during the early stages of the 
pour. As the mold filled, however, back pressure in- 
creased and aspiration gradually diminished. 

The degree of aspiration that occurs in the sprue 
is a function of the back pressure created either by 
the taper in the sprue or by the filling of the gating 
system and of the mold. Johnson, et al,1§ found that 
in systems containing nontapered sprues the zone of 
aspiration could be overcome by increasing the head 
of the liquid in the pouring basin. Instead of de- 
pending upon pressure head above the sprue or upon 
back pressure from the gating system beyond the 
sprue, the present investigation shows that early and 
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Fig. 5— Eftect of sprue taper on the rate at which liquid 

flows through sprues that are not attached to molds. The data 

are applicable to molds of large horizontal cross section at- 

tached directly to the sprue. Cross section at base of sprue 
in each case is 4 by 1 in. 
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omplete elimination of aspiration can be achieved 
nore readily by using a tapered sprue. Without a 
ipered sprue, a considerable amount of drossing of 
netal could occur during the period in which ade- 
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Fig. 6 — Effect of sprue taper on the rate at which liquid 

flows through sprues attached to the improved gating system. 

Mold measures 2 in. by 6 in. in the horizontal plane. Cross 
section at base of sprue in each case is 44 by 1 in. 
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Sprue: Top 1% in. by 1 in. 
Bottom (in. by 1in. 
Taper 0.008 in. per in. 
Enlargement: 1-in. diameter 
Runner and runner 
extension: 46 in. wide 
¥% in. high 
Gate: Entrance 4 in. by % in. 
Exit Y% in. by 1 in. 
Riser: 144 by 14 in. 
Web: \% in. thick 
Mold cavity: Y2 in. thick, 6 in. wide, 12 in. high 


Average flow rate: 0.55 lb of aluminum per sec. 


Fig. 7 — Ettect of 17-in. tapered sprue on turbulence. 
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Sprue: Top Ag in. by 1 in. 
Bottom ‘in. by 1 in. 
Taper 0.008 in. per in. 
Enlargement: 1-in. diameter 
Runner and runner 
extension: 46 in. wide 
¥% in. high 
Gate: Entrance 4 in. by % in. 
Exit ¥ in. by 1 in. 
Riser: 114 by 1% in. 
Web: l% in. thick 


Y in. thick, 6 in. wide, 31 in. high 
0.85 lb of aluminum per sec. 


Mold cavity: 
Average flow rate: 


Fig. 8 — Effect of 36-in. tapered sprue on turbulence. Com- 

pared with Fig. 7, turbulence is increased very little when the 

length of the tapered sprue is increased. Not the entrapped 
air along the top surface of the runner extension. 


quate back pressure is being created to eliminate the 
aspiration. Furthermore, it is not practical for the 
permanent-mold foundryman to employ a pouring 
basin and, therefore, he cannot resort to a pressure 
head above the sprue. 

While the sprues were being tested for aspiration 
of air, the rate of flow through them was measured. 
These measurements showed that the flow rate in- 
creased as the sprue taper or height increased. The 
addition of the mold to the sprue caused an expected 
decrease in flow rate. The effect of sprue taper and 
height on flow rate are shown graphically in Figs. 5 
and 6. For convenience to both the light alloy and 
ferrous foundries, the flow rate is plotted as pounds 
per second of aluminum, magnesium, and iron. 

It is apparent in Fig. 5 that the flow rate for the 
36-in. sprue approached a maximum value as the 
taper was increased to 0.016 in. per in. This indi- 
cates that, as the taper is increased beyond this value, 
there will be very little increase in the flow rate 
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because the rate is approaching that of a free-falling 
liquid. This effect was not revealed by the curves for 
the 9- and 17-in. sprues because the friction losses 
in these sprues are much less than those in the 
36-in. sprue. 

When the sprues were attached to molds, the aver- 
age flow rate was reduced, as shown in Fig. 6. The 
reduction in flow rate was caused chiefly by the de- 
crease in head that occurs as the mold is filled and, 
to a smaller extent, by absorption of kinetic energy 
by the gating system. Based on this reduction in head, 
an equation was derived to predict the flow rate 
when a mold is attached to a sprue. This equation, 
which applies only to castings of uniform cross section 
in all horizontal planes, gated from the bottom, is 
as follows: 


A,D (h-a) \/ 2gh 
w= . (1) 
2 (h- \/ ah) 





where 


W = flow rate, pounds per second 

A, = cross-sectional area at the bottom of the 
sprue, square inches 

D =density of the liquid, pounds per cubic 
inch 

g = acceleration due to gravity, 386 inches per 
second per second 

h = length of sprue, inches 

a = distance from top of sprue to top of mold 
cavity, inches. 


The derivation of this equation is presented in the 
Appendix. 

Flow rates for water were calculated from Equation 
(1) and compared with the actual flow rates ob- 
tained when tapered sprues were attached to molds. 
These flow rates, when converted to pounds of alu- 
minum per second, are presented in the following 
tabulation: 








Rate of 
Measured 
Sprue Measured Calculated Flow Rate to 

Length, Taper, Flow Rate, Flow Rate, Calculated 

in. in./in. Ib/sec lb/sec Flow Rate 
9 0.016 0.61 0.74 0.73 
17 0.016 0.66 0.91 0.73 
36 0.016 0.90 1.18 0.76 





The essentially constant ratio of the measured flow 
rate to the calculated flow rate indicates that the 
equation is valid. To obtain the actual flow rate 
with Equation (1), a factor can be inserted in the 
equation to account for friction losses. For the pres- 
ent system, the factor would have a value of 0.74 
and would appear in the formula as follows: 


0.74A,D (h-a) \/ 2gh 





2 (h-\/ ah) 
As determined by Richins and Wetmore,'7 this fric- 
tion factor can be expected to vary with the shape 


of the sprue, the shape of the other components of 
the gating system, and the smoothness of the flow 
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channels, but would be constant for a gating system 
of a given type. Equation (2), with the appropriate 
friction factor, could be useful in a foundry where 
one type of gating system is used for castings of 
different sizes. 

The degree of turbulence created by sprues with 
appreciable differences in lengths is illustrated in 
Figs. 7 and 8. The mold in Fig. 7 contains the 17-in. 
sprue. In a properly designed system, the amount of 
turbulence of the liquid leaving the gate is negligible. 
When the sprue length is increased to 36 in., as was 
done in the model shown in Fig. 8, the amount of 
turbulence of the liquid leaving the gate is not great- 
ly increased. Thus, the improved gating system ap- 
pears to be applicable to molds requiring a sprue 
length of up to at least 36 in. 

Design of the Enlargement. In the recommended 
vertical gating system, a tapered, rectangular sprue 
was attached to a single horizontal runner. In pre- 
vious work5.® it has been demonstrated that an en- 
largement of a narrow, deep runner at the base of 
the sprue reduced turbulence by absorbing some of 











14 in by 1 in. 
¥4 in. by 1 in. 
Taper 0.008 in. per in. 


Sprue: Top 
Bottom 


Enlargement: 1-in. diameter 
Runner: 546 in. wide 

¥% in. high 
Gate: Y2 in. by 1 in. 
Riser: 144 by 1% in. 
Web: \, in. thick 


ly in. thick, 6 in. wide, 12 in. high 
0.64 1b of aluminum per sec. 


Mold cavity: 
Average flow rate: 


Fig. 9— Horizontal runner gated to bottom of side riser. 
Absence of a runner extending past the gate does not create 
any additional turbulence in the liquid entering the bottom 
of the side riser. However, the first liquid, which is likely to 
contain dross or dirt, is carried directly into the riser. 
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10a 
Sprue: Top Y in. by 1 in. 
Bottom Min. by lin. 


Taper 0.008 in./in. 


Enlargement: 1-in. diameter 
Runner and runner extension: 54¢ in. wide, 34 in. high 
Gate: Entrance 4g in by % in. 
Exit YY in. by 1 in. 
Riser: 14 by 1% in. 
Web: 1% in. thick 
Mold cavity: l% in. thick, 6 in. wide, 12 in. high 


Average flow rate: 0.55 lb of aluminum per sec. 
the kinetic energy of the stream coming down the 
sprue and by quickly washing out the initial en- 
trained air. An acceptable enlargement should be 
simple in design. It should insure that the flowing 
liquid cleans up rapidly; that is, air entrained in 
the initial stream should be quickly washed out of 
the enlargement. If the entrapped air is not washed 
out quickly, the metal may become drossed and the 
dross may enter the runner system during a pro- 
longed period of the pour. 

Many designs of enlargement of the runner at the 
base of the sprue were studied. They included a 
simple cylindrical design, a sphere, a cylindrical de- 
sign with a hemispherical bottom extending below 
the bottom of the runner, flat-bottom wells of various 
depths placed below the cylindrical design, and a 
hatchet type that is used sometimes in the perma- 
nent-mold foundry. Of all the designs tested, the 
simple cylindrical enlargement, 1 in. in diameter, 
was the most satisfactory. The depth of the enlarge- 
ment was equal to the depth of the runner. 

The time to wash out the entrained air from this 
shape was approximately 1 second, whereas 114 or 
more seconds were required for the other shapes. 
The cylindrical enlargement was satisfactory when 
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Fig. 10 — Eftect of length of runner extension on backwash. 
The 2-in.-long runner extension in Fig. 10a causes backwash- 
ing of the liquid as indicated by the distribution of the dye. 
The large quantity of air bubbles (dross) in the runner must 
enter the gate. A longer runner extension, 5 in., shown in 
Fig. 10b, ettectively eliminates backwash and traps the initial 
liquid so that essentially clean liquid enters the gate. 


attached to the 9-, 17-, or 36-in. sprues that had bot- 
tom cross sections of 14 by 1 in. and tapers of 
0.008 in. per inch. In all of these tests, the runner 
was %, in. wide and 34 in. deep. Accordingly, the 
cylindrical enlargement was incorporated in the im- 
proved gating system. 

Runner and Runner Extension. A _ horizontal , 
runner was employed to connect the sprue to the 
rest of the gating system. Since the objective is to 
deliver the liquid to the mold cavity with a minimum 
of turbulence, the runner area was increased twofold 
over the area of the exit end of the sprue by making 
the runner 5, in. wide by 34 in. deep. This two- 
fold increase in area reduced the velocity of the 
liquid by one half. In the present investigation, a 
runner 3 in. in length was employed. This short 
runner, connected to a vertical gate on the top sur- 
face of the runner, filled quickly and completely be- 
fore liquid entered the gate. 

In the early stages of the development of the im- 
proved vertical gating system, the end of the hori- 
zontal runner tilted upward to become the gate con- 
nection to the bottom of a side riser. By this method 
of gating, any dross formed in the early stages of 
pouring was carried into the riser (Fig. 9). 
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Sprue: Top \ in. by 1 in. 

Bottom ‘Jin. by 1 in. 

Taper 0.008 in. per in. 
Enlargement: 1-in. diameter 
Runner and runner extension: 54¢ in. wide, % in. high 


Gate: Entrance %g¢ in. by % in. 
Exit Y in. by 1 in. 

Riser: 1 in. by 1 in. 

Web: Fig. lla ‘in. thick 


Fig.11b % in. thick 


To admit as little dross as possible to the side riser, 
the runner was extended past the gate. The purpose 
of this runner extension was to provide a trap for 
the first liquid entering the system. This initial 
metal may become drossed at it pushed air out of 
the first portions of the gating system. This drossy 
metal could cause defective castings if allowed to 
enter the mold cavity. 

To determine the minimum length of runner ex- 
tension required to trap the first liquid, a small 
amount of soluble dye was placed in the extreme 
end of the runner extension. Tests showed that water 
entering the extension was quickly colored by the 
dye, and some of the colored liquid washed back 
into the mold cavity when the length of the runner 
extension was only 2 in. An increase in length to 5 
in. prevented the backwashing of the colored liquid 
into the mold cavity. This was taken as an indication 
that the initial liquid entering the runner extension 
would remain trapped, and that essentially clean 
liquid would enter the gate. A comparison of Figs. 
10a and 10b shows the need for a runner extension 
of adequate length for retention of the first liquid 
entering it. 

Additional tests conducted with dye placed at the 
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Mold cavity: Y4 in. thick, 6 in. wide, 12 in. high 
Average flowrate: Fig.1lla 0.65 lb of aluminum per sec. 
Fig.11b 0.67 Ib of aluminum per sec. 


Fig. 11 — Influence of web thickness on turbulence. Con- 

siderable cascading of the liquid from the riser into the mold 

cavity, in Fig. lla, is created by the combination of a small 

riser and a thin web. This cascading effect in metal could 

cause casting defects. The thicker web in Fig. 11b reduced 
the severity of cascading. 


end of the runner extension indicated that an in- 
crease in the cross-sectional area of the extension to 
twice the area of the runner caused backwashing of 
the liquid to occur. Therefore, in the improved gat- 
ing system, a runner and runner extension with the 
same cross-sectional area were adopted, thus making 
the area ratio of the sprue to runner to runner ex- 
tension 1:2:2. For the three lengths of sprues used 
in this program, a 5-in. runner extension was satis- 
factory. 

Design of the Gate. The design of the gate con- 
necting the runner with the bottom of the side 
riser is of some value in reducing turbulence. In the 
previous work!2 on developing the improved gating 
design, the gate had the same constant cross-sectional 
area as the runner. A radius existed at the connec- 
tion between the runner and gate to minimize aspira- 
tion resulting from the abrupt change in direction 
of flow. Because no additional provision was made 
to reduce velocity, the liquid spurted up into the 
riser and caused considerable turbulence and entrain- 
ment of air in the mold cavity. 

Laboratory tests showed that this source of turbu- 
lence could be eliminated by flaring the gate so that 
the cross-sectional area at the exit end was at least 
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TABLE | — Errect OF DESIGN OF THE GATING SYSTEM COMPONENTS ON VELOCITY 








Area 9-In. Spruea + 17-In. Spruea 36-In. Spruea 
of Flow Flow Flow 
Exit Rate of Velocity, Rate of Velocity, Rate of Velocity, 
Description of Opening, Water, feet/ Water, feet / Water, feet/ 
Component sq in. Ib/sec second Ib/sec second Ib/sec second 
Exit end of sprue 0.125 0.32 5.90 0.38 7.05 0.56 10.3 
Open runner attached 
directly to the sprueb 0.234 0.31 3.06 0.37 3.70 0.52 5.17 
\-in.-diameter enlargement, 
open runnerb 0.234 0.28 2.70 0.35 3.37 0.49 1.70 
|-in.-diameter enlargement, 
runner, open straight 
gateb, c 0.234 0.21 2.06 0.30 2.96 0.44 1.35 
|-in.-diameter enlargement, 
runner, runner extension, 
open straight gateb,c 0.234 0.21 2.06 0.30 2.96 0.44 1.35 
|-in.-diameter enlargement, 
runner, runner extension, 
0.500 0.22 1.02 0.31 1.48 0.46 2.12 


open flared gateb,c 


Note: One-inch head of water maintained in the pouring box throughout the tests. 
a Rectangular sprues had a taper in total thickness of 0.008 in. per in. and measured 14 by | in. at the exit end. 


b Runner and runner extension were %6 in. wide and 34 in. deep. 


¢ Gate located in a vertical position at right angles to the horizontal runner. 





twice as large as the cross-sectional area at the en- 
trance end. In the tests, the cross-sectional area at 
the entrance end of the gate was made equal to the 
runner area. This increase in area, within the short 
length of the gate (3 in.), reduced the velocity of 
the liquid entering the side riser. The flared gate 
was effective in minimizing turbulence in the side 
riser and mold cavity even when a sprue 36 in. long 
was used. In the preferred system, the area ratio of 
the sprue to runner to runner extension to gate 
(exit opening) was 1:2:2:4. 

Design of Side Riser and Web. Another com- 
ponent of the improved gating system was a side 
riser extending the full height of the casting. The 
side riser supplies liquid to the upper level of the 
mold cavity as it is filled and acts as a reservoir for 
the last liquid poured for feeding the shrinkage in 
the casting. The riser may also retain some of the 
dross formed during the earlier portion of the pour- 
ing operation. 

With the water technique, it was possible to ob- 
tain only a relative measure of the efficiency of the 
side riser. The earlier tests, as illustrated in Fig. 1, 
showed the damaging effects caused by the liquid 
entering directly into the bottom of the mold cavity. 
The tests with water indicated that this source of 
turbulence might be removed by having the liquid 
enter the bottom of the side riser and then flow into 
the mold cavity. By this procedure, some of the tur- 
bulence created by the incoming liquid could be re- 
duced before the liquid entered the mold cavity. 

To ascertain the flow pattern of liquid in the mold 
cavity when a side riser is employed, dye was added 
during the later stages of pouring water castings. 
Tests with the dye showed that the last liquid to 
enter the system was retained in the side riser. It 
was assumed that molten metal would fill the system 
in a similar manner and that adequate feeding of 
the casting would occur during solidification. 

Two sizes of risers were employed in the research. 


| 


They were 1% in. by 1% in. and | in. by | in. 
in cross section. Photographic analyses of the filling 
of the transparent molds indicated that there was 
less cascading of the liquid into the mold cavity 
from the larger riser. Accordingly, the larger riser 
was incorporated in the improved gating system. It 
was realized, however, that the dimensions of the 
casting and the type of metal being cast are also 
factors that govern the size of the riser. These factors 
were not considered to be within the scope of the 
present investigation. 

The side riser was connected to the l-in.-thick 
mold cavity by a continuous web. The effect on tur- 
bulence of the thickness of the web connection was 
investigated. When the thickness of the web was 14 
in., considerable cascading of the liquid occurred. As 
illustrated in Fig. lla, this cascading could cause 
formation of dross during the pouring of the light 
alloys. An increase in the thickness of the web con- 
nection to 4 in. reduced the degree of cascading, 
as shown in Figure IIb. 

Velocity Measurements in the Improved Gating 
Design. The degree to which each of the various ° 
components of the gating system contributed to a 
decrease in the velocity of the stream was deter- 
mined. Each component was tested with the 9-, 17-, 
and 36-in. rectangular sprues that tapered 0.008 in. 
per in. The data on flow rate and velocity recorded 
in Table 1 were used to calculate the decrease in 
velocity attributable to each of the various compo- 
nents. 

The data summarized in Table 2 reveal that a 
runner attached directly to the sprue reduced the 
velocity by approximately 50 per cent. This decrease 
in velocity was obtained when the area of the runner 
was twice the area at the bottom of the sprue. An 
additional 4 to 6 per cent reduction in velocity was 
obtained by enlarging the area of the runner under 
the sprue to the desired l-in. diameter. The flared 
gate provided an additional 18 to 21 per cent de- 
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lf, in. by 1 in. 

Bottom ‘in. by 1 in. 

Taper 0.008 in. per in. 

3 in. thick, 6 in. wide, 12 in. high 
¥% in. thick, 3 in. high, 6 in. wide 
0.30 Ib of aluminum per sec. 


Sprue: Top 


Casting: 

Riser: 

Average flow rate: 

Fig. 12— Aluminum-7 per cent magnesium alloy casting 

gated directly into bottom of mold cavity. Note surface 
defects. 


TABLE 2— ADDITIONAL PERCENTAGE REDUCTION IN 
FLow VeE.Lociry EFFECTED BY THE INDIVIDUAL 
COMPONENTS IN THE IMPROVED GATING 
SYSTEM 





Percentage Decrease in Velocity 
Description of Obtained With the Various Components 


Component 


“9-In.Sprue—17-In. Sprue 36-In. Sprue 





Open runner attached 
directly to sprue 
Open runner, 1-in.- 
diameter enlargement 
Open straight gate, 
l-in.-diameter en- 
largement, runner, 
runner extension 
Open flared gate, 
l-in.-diameter en- 
largement, runner, 
runner extension 18 


18 48 50 


6 4 4 


21 21 
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crease in velocity. The runner extension did not con- 
tribute to a reduction in velocity. 

The flow of the liquid leaving the gate of the 
improved gating design was calculated to be 1, 114, 
and 2 feet per second for the 9-, 17-, and 36-in. sprues, 
respectively. Examination of the high speed photo- 
graphic records of the tests conducted with these 
three sprues indicated that, as the velocity increased, 
the tendency toward turbulence increased slightly dur- 
ing the initial stages of the pour. The turbulence 
associated with the higher velocity that resulted from 
the 36-in. sprue was not so severe as to be considered 
damaging. 

In the tests just described, the area ratios of the 
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Fig. 13— Radiograph of casting shown in Fig. 12. A con- 

siderable amount of internal shrinkage and some dross par- 

ticles are revealed. Presence of these defects was anticipated 

from the study of the flow pattern created in the water casting 
illustrated in Fig. 14. 
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prue to runner to runner extension to entrance of 
he gate to the exit of the gate was 1:2:2:2:4. Sim- 
lar tests on flow rates and velocity were made with 
. 17-in. sprue attached to a system having area ratios 
of 1:1:1:2:4. In this system, the smaller runner re- 
duced the flow rate by 21 per cent as compared with 
the value obtained with the larger runner. The veloc- 
ity, however, was increased to almost twice the veloc- 
ity in the larger runner. 

It was observed that the 1:1:1:2:4 gating system 
created a mild jetting of the stream at the exit end 
of the gate. The rise of the liquid in the side riser 
was approximately 114 in. whereas in the 1:2:2:2:4 
system it was only 1% in. high. This difference in 
the height of the liquid was attributed to the differ- 
ence in the velocity of the liquid at the entrance to 
the gate. It was determined that the velocity in the 
gate of the 1:2:2:2:4 system was approximately 23 
per cent less than the velocity in the 1:1:1:2:4 system. 

Although the degree of jetting created by the 
smaller runner did not appear to be of too serious 
a consequence, the 1:2:2:2:4 gating system is prefer- 
able as an optimum design. 


Correlation with Metal Castings 


Foundry Procedure. To evaluate the improved 
gating system, the quality of metal castings produced 
by it was compared with the quality of metal cast- 
ings produced by a gating system that consisted of 
a tapered sprue entering directly into the bottom 
of the mold cavity near one side, as shown in Fig. 12. 
The improved design, illustrated in Fig. 15, incor- 
porated all of the features that the laboratory studies 
indicated would be beneficial in decreasing turbu- 
lence. 

These features included (1) a tapered sprue, (2) a 
l-in. diameter enlargement of the runner at the base 
of the sprue, (3) a runner with a cross-sectional area 
twice the area at the exit end of the sprue, (4) an 
extension of the runner past the gate, (5) a gate 
with an entrance area equal to that of the runner 
and an exit area twice as large connected to a 114 
in. square side riser, and (6) a continuous web with 
an 114,-in. slot connecting the side riser to a mold 
cavity. The sprue in both gating systems had a taper 
of 0.008 in. per in. and had an exit opening 14 by 
1 in. The top of each sprue was flared to form a 
cup for easier control in filling the sprue quickly 
from the ladle. The test casting consisted of a plate 
3% in. thick, 6 in. wide, and 12 in. high. A riser 34 in. 
thick and 3 in. high was placed across the top of the 
plate. 

Shell molds were made from the pattern of each 
of the two different gating designs. Aluminum-7 per 
cent magnesium alloy was poured within a tempera- 
ture range of 1320 to 1350 F into the molds. Each 
casting was sandblasted and then examined visually 
and radiographically. 

Visual and Radiographic Examination. A typi- 
cal casting produced by the design in which the 
sprue entered directly into the bottom of the mold 
cavity is shown in Fig. 12. Surface defects extend 
diagonally from the bottom to the top of the cavity. 
Examination of the radiograph, Fig. 13, shows that 
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\% in. by 1 in. 

Bottom in. by 1 in. 

Taper 0.008 in./in. 

V4 in. thick, 6 in. wide, 12 in. high 
0.55 lb of aluminum per sec. 


Sprue: Top 


Mold cavity: 
Average flow rate: 


Fig. 14— Water analogy of casting shown in Fig. 12. Dye 

added during the later stages of pouring a water casting gated 

in the same manner as the metal casting illustrated in Fig. 12 

reveals the turbulent circular flow pattern within the mold 
cavity. 


these surface defects are attributable to the large 
amount of internal shrinkage that is present. The 
presence of so much shrinkage made it difficult to 
identify entrapped dross particles. As shown by the 
water analogy in Fig. 14, large quantities of air are 
entrapped by this gating system. Dye added during 
the later stages of the pour delineated an undesirable 
circular flow pattern in the mold cavity. Thus, the * 
correlation between the soundness of the water cast- 
ing and the soundness of the metal casting is good 
and helps substantiate the merits of the results ob- 
tained in the laboratory. 

The casting produced by the improved gating de- 
sign was exceptionally free of surface defects, as il- 
lustrated in Fig. 15. A composite radiograph, Fig. 16, 
shows that no dross was detected in the casting, but 
that large particles of dross were found in the runner 
extension. The dross located in the runner extension 
and in the vent demonstrates that the runner ex- 
tension had effectively trapped the first metal that 
entered the system. The water casting, illustrated in 
Fig. 17, predicted the results that could be expected 
with metal. Again, an excellent correlation exists be- 
tween the laboratory tests with water castings and 
the foundry tests with metal castings. 
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14 in. by 1 in. 
\ in. by 1 in. 
Taper 0.008 in. per in. 


Sprue: Top 
Bottom 


Enlargement: 1-in. diameter 
Runner and runner 
extension: 46 in. wide 
¥% in. high 
Riser: 144 by 1% in. 
Web: Ibo in. thick 
Casting: 3 in. thick, 6 in. wide, 12 in. high 


Average flow rate: 0.47 Ib of aluminum per sec. 


“ig. 15— Aluminum-7 per cent magnesium alloy casting 

poured by the improved method of gating. Casting is free 

from surface defects. Evidence of shrinkage is restricted to 
the side riser. 


Casting Yield. The yield of the casting made 
with the improved gating system was approximately 
42 per cent. This value may be increased for this 
and other designs of castings by employing a some- 
what smaller riser. The yield obtained here is com- 
parable to the yield obtained on many commercial 
permanent mold castings. Of greater importance, at 
the present time, is the fact that the high-quality 
product produced by the improved gating design can 
substantially reduce the total number of rejects at- 
tributable to dross entrapment or to internal shrink- 
age. 

Summary 

An investigation on the design of a vertical gat- 
ing system was carried out with water and metal 
castings. The results have indicated some principles 
that would be applicable to most types of molding 
procedures where the casting is in a vertical plane. 
The water castings were prepared by using trans- 
parent mold models 1% in. thick, 6 in. wide, and 
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4, 12, and 31 in. in height. The results of the in- 
vestigation were obtained with gating systems having 
a flow rate of approximately 14 lb of aluminum 
per second. This flow rate was achieved by employ- 
ing sprues with an exit opening measuring 14 by 
| in. The results of this investigation indicated the 
following: 

(1) A pouring basin was an excellent device to 
permit rapid filling of the sprue and to maintain 
the sprue full throughout the pour. When it was 
not practical to employ a pouring basin, the same 
objective was accomplished to a satisfactory degree 
by using a sprue with a flared top to form a cup. 
It was important to fill the sprue quickly and to 
keep it full throughout the pour so that formation 
and entrainment of air was minimized. 

(2) A tapered rectangular sprue with the larger 
cross-sectional area at the top prevented aspiration 
of air or mold gases. Aspiration was eliminated when 
the taper was at least 0.008 in. in thickness per inch 
of length. Since a tapered sprue eliminated aspira- 
tion, clean liquid was present in the sprue through- 
out the pour. 

(3) The high velocity of the liquid flowing from 
a sprue attached directly to the side or bottom of a 
side riser or mold cavity produced severe turbulence 
in the mold cavity. A horizontal runner with a cross- 
sectional area twice the area at the bottom of a 
straight sprue had one-half the flow velocity of the 











Fig. 16 -— Composite radiograph of a casting similar to the 

one illustrated in Fig. 15. Radiograph shows casting is free 

of both dross and shrinkage. Note that dross is trapped on 

the cope surface of the runner extension and in the vent at 
the end of the runner extension. 
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14 in by i in. 
1@ in. by 1 in. 
Taper 0.008 in. per in. 


Sprue: Top 
Bottom 


Enlargement: 1-in. diameter 
Runner and runner 

extension: 546 in. wide 

% in. high 
Gate: Entrance °4¢ in. by % in. 
Exit V4 in. by 1 in. 

Riser: 144 by 1% in. 
Web: 14 in. thick 


1% in. thick, 6 in. wide, 12 in. high 
0.55 lb of aluminum per sec. 


Mold cavity: 
Average flow rate: 


Fig. 17 — Water analogy of casting shown in Fig. 15. Dye 

added during the later stages of the pour shows the last liquid 

enters the side riser where it can feed the shrinkage occurring 
in the casting solidification. 


liquid at the exit of the sprue. This reduction in 
velocity aided in minimizing turbulence when the 
stream left the gate. 

(4) A l-in. diameter enlargement of the area of 
the runner at the base of the sprue reduced the 
velocity of the liquid by about 5 per cent and per- 
mitted any entrained air to be washed out rapidly. 
The depth of the enlargement was equal to the 
depth of the runner. Enlargements of greater diam- 
eter were not effective in providing rapid washing 
out of entrained air. Other devices such as a cylin- 
drical well, spherical well, and a hatchet-type well 
did not function so effectively as the simple cylin- 
drical enlargement. 

(5) A runner with twice the cross-sectional area 
as at the bottom of the sprue reduced the velocity 
of the liquid and aided in eliminating turbulence. 
Runners of smaller cross-sectional area increased the 
velocity and caused mild jetting of the liquid leaving 
the gate. The larger runner is preferable because it 
avoided jetting completely. 

(6) An extension of the runner past the gate pro- 
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vided a trap for the first liquid that was likely to 
contain dirt. Runner extensions of larger cross-sec- 
tional areas than the runner created backwash and, 
thus, were not effective in retaining all of the first 
liquid. Therefore, the cross-sectional area of the run- 
ner extension should not be greater than the area 
of the runner. 

(7) For the 9-, 17-, and 36-in. sprues, a runner 
extension of 5 in. was adequate to prevent backwash 
into the mold cavity of the initial liquid entering 
the system. 

(8) A flared gate with an exit opening twice as 
large as the entrance opening reduced the velocity 
of the stream by about 20 per cent and, thus, aided 
in eliminating turbulence. A gate with a constant 
cross-sectional area equal to the area of the runner 
produced a relatively high velocity. The high veloc- 
ity caused some jetting of the liquid which, in turn, 
created turbulence. Therefore, a flared gate is pref- 
erable. 

(9) A side riser prevented turbulent liquid from 
entering the mold cavity. It, also, supplied liquid to 
the upper level of the mold cavity as it was filled. 
The riser acted as a reservoir for the last liquid 
poured for feeding the shrinkage in the casting dur- 
ing solidification. To avoid shrinkage defects, the 
minimum dimensions of the riser must be determined 
for each different alloy and size of casting. 

(10) A web connection between the side riser and 
mold cavity introduced the liquid quietly and pro- 
gressively from the bottom to the top. For the 44- 
in.-thick water castings studied, a web 4-in. in thick- 
ness was satisfactory. A 14-in. web caused the liquid 
to cascade from the riser into the mold cavity. This 
cascading produced a considerable amount. of tur- 
bulence. The combination of a relatively large web 
and large riser was beneficial in reducing cascading. 

Application of the principles derived from_ this 
research has produced high-quality aluminum. alloy 
plate castings. Castings of more complicated design 
may require modification of these gating principles. 
Intelligent application or modification of the prin- 
ciples should aid the foundryman in producing high- 
quality castings consistently. 
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Appendix 
DERIVATION OF EQUATION FOR CALCULATING FLow 
RATE WHEN A SPRUE Is ATTACHED TO A Mop 
The following symbols are used in this derivation: 
h = distance from top of sprue to bottom of mold, 
inches 
a = distance from top of sprue to top of mold, 
inches 
1 = distance between top of sprue and top of 
liquid in the mold at any instant, inches 
V = volume of mold, cubic inches 
t = time, seconds 
A, = area of bottom of sprue, square inches 
= horizontal cross-sectional area of mold, square 
inches 
v = velocity of liquid in the sprue, inches per 
second 
W = flow rate, pounds per second 
density of liquid, pounds per cubic inch 
g = acceleration due to gravity, inches per second 
per second. 


o 
II 


With the liquid flowing at a given velocity, the rate 
at which the mold filled is: 


PRINCIPLES APPLICABLE TO VERTICAL GATING 


dV “ 
i -— .*° (A-1) 


The velocity of the liquid at the bottom of the sprue 
is a function of the acceleration due to gravity and 
the height of fall: 


v=y2gl. (A-2) 
Therefore, substituting Eq. (A-2) in Eq. (A-1), 
dV 
—=A_y 2g. (A-3) 
dt . 


The rate of change in the height of fall is equal to 
the rate at which the mold is filled divided by the 
horizontal cross-sectional area of the mold: 


dl A, V2 gl 


—_ = —. A-4 
dt A iia 
M 
Transposing Equation (A-4), 
~dl 
=- V 2gdt. (A-5) 





Vil AL 
Integrating Equation (A-5), 
A, 
-2\V/ 1 = —— vy 2gt + constant. (A-6) 


M 

When t = 0, the constant equals -2\/h. (A-7) 
A, 

Thus, 2V1l= — V2gt-2 Wh. (A-8) 
M 


Transposing Equation (A-8), 
2Vh-2y1 Ay 
t= —— x ‘ (A-9) 
V 2g A, 
When the mold is filled, 1 = a and 
2Vh-2Va A 
t= —— x ‘ (A-10) 
V 2g A, 
By definition, DV 
"= 











A-11 
(A-LI) 
But the height of the mold is equal to (h-a), and, 
therefore, 
DA,, (h-a) 
W= ; ; (A-12) 


Substituting Equation (A-10) for t, 
DA, A, V 2g (h-a) 








w= omer eos 
A,, @V h-2/ a) 
DA, y 2g (h-a) 
= — (A-13) 
2 (V h-y a) 
DA. \ 2gh (h-a) 
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CURRENT STATUS OF TEST PATTERNS 
FOR EVALUATION OF SAND MIXTURES 


(Progress Report of Standard Test Patterns Committee 8-T) 


By 


Charles Locke* 


Standardization of testing procedures for foundry 
sands and sand mixtures in 19241 was an event of 
major importance in foundry technology. Today the 
sand control laboratory is as necessary as the chem- 
ical and physical laboratories for the production of 
quality castings. Sand test data have been gathered 
profusely, studied endlessly and have been the bases 
of argument for the good of the industry. However, 
all is not as well as desired with regard to the re- 
sults achieved, if it is admitted that the goal of sand 
control is trouble-free castings rather than an array 
of sand test numbers. 

The methods and machines which have been de- 
vised to measure sand properties do just that and no 
more. Furthermore, the properties are determined 
under stipulated laboratory conditions which only 
permit comparison of one sample of sand with an- 
other. From that point, the use of the test informa- 
tion depends on the scrutiny of actual castings by 
the foundryman. He has to compare castings in or- 
der to evaluate the sand test numbers. Without any 
doubt, the ultimate criteria are the castings. 

This certainly is understandable. The sand formed 
into a mold has properties which differ from those 
reported on the basis of the three ram standard sam- 
ple. No single property, even as measured after mold- 
ing, stands alone in affecting a casting. In addition, 
there remains a serious doubt as to whether or not 
the properties as presently defined are the correct 
ones to- be determined. 

The foundryman is aware of this and in many 
instances uses production castings which seem prone 
to a particular defect to guide his sand practice. 
Then, for the sake of economy and control, he will 
design various test castings as standards for correla- 
tion with sand properties. Such test castings soon 
show their value because they provide a test which 
integrates all of the sand properties and the condi- 
tions under which the sand is used. 

In addition to being employed for routine sand 
control, test castings frequently have been used to 
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good advantage for research purposes. Sand test data 
are collected in conjunction with a specifically de- 
signed test casting. As a defect is formed or pre- 
vented, the measured sand properties gain signifi- 
cance. 

Recently, such a procedure has become somewhat 
popular: In fact, too many test castings seem to be 
on the market. Questions about whether a certain 
design of test casting will be useful or not are being 
asked. Seemingly, some sort of clearing house is in 
order so that confusion will not be caused by an 
endless array of test casting designs, each with its 
proponents, and each only interpretable by its own 
designer. 

With the foregoing in mind, Committee 8-T on 
Standard Test Patterns was established within the 
Sand Division of the American Foundrymen’s So- 
ciety. This Committee was assigned the following 
objectives: 

1. Secure information about the design and func- 
tion of test patterns that have been in use during 
the past several years. 

2. Secure information about test patterns that are 
in current use. 

3. Recommend various designs of test patterns to 
other committees in the Sand Division who will sub- 
ject them to test. 

4. Establish designs of test patterns for adoption 
by the AFS as standards. 
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Fig. 1 — Angle pattern for scab detect (Ref. 27). 

















Objectives one and two are the subjects of this 
report. Information was secured through a literature 
search and by a poll of foundry personnel. It was 
found that where a test pattern was currently in use, 
the design could be traced to an article previously 
published. Thus, the essence of this report is a re- 
view of the literature with the AFS TRANSACTIONS 
as the main source. 

Reading the references listed in chronological or- 
dler at the end of this report will provide the in- 
terested person with details about test castings which 
have been used. Upon analysis of the papers, it will 
become apparent that the desire to evaluate sand 
properties is not a new interest. However, certain 
fashions seemed to exist, depending on the state of 
advancement with foundry equipment. 

In the earlier years when natural bonded sands 
were predominant aid sand preparation was han- 
dled by cutting the pile on the floor, interest was 
very keen about sand durability and sand life. Test 
patterns were devised also to determine the surface 
quality of castings under various sand conditions. 
Then by 1940, the use of test patterns became more 
usual. Subjects dealing with penetration, veins, hot 
tears, rates of solidification, pin holes, rat tails, scabs, 
surface smoothness, collapsibility and gas evolution 
were investigated with the assistance of test castings. 

Attempts to correlate the observations with stand- 
ard test procedures, at both room and elevated tem- 
peratures, met with intermittent success. Yet the con- 
clusions derived indicate the usefulness of the test 
casting method. 


Fig. 2 — Angle test castings (Ref. 27). 
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Fig. 3 — Test pattern for scab detect (Ret. 3 
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Fig. 4— Expansion and strain data correlated with scab test castings (Ref. 30). 
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Fig. 7 — Correlation of test casting data with high tempera- 


Fig. 6 — Results with rat-tail detect test casting (Ref. 29). ture properties of sand (Ret. 29). 











Fig. 5 — Resulting scab defects with test casting (Ref. 30). 
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Fig. 8 — Test for surface finish (Ref. 6). 














} DIAGRAM OF TEST CASTING 








Fig. 9— Test for surface quality (Ref. 7). 


Fig. 10 — Test for 
veining and penetra- 
tion (Ret. 17). 





As an illustration, consider the information pro- 
vided in reference (27) dealing with the scab defect. 
In this work, various standard sand test data were 
secured from sands used in molding the angle plate 
test casting shown in Fig. 1. Resulting castings from 
six different sand mixtures exhibited various degrees 
of scabbing. This is shown in Fig. 2, and it will be 
noticed that castings no. 2 and 4 have definite scab 
defects. A study of the sand test data reveals that 
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Fig. 11— Test for affect of mold material on solidification 
(Ref. 18). 








Fig. 12 — Test for affect of mold material on solidification 
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Fig. 13 — Test for knockout properties of cores (Ref. 19). 
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Fig. 14-—— Test tor penetration (Ref. 19). 





Fig. 15— Test for chilling characteristics of mold material 
(Ref. 20). 























Fig. 16 — Test for bore cracks (Ref. 21). 


castings no. 2 and 4 were made in sands possessing 
the highest green deformation, highest dry compres- 
sive strength, and highest compressive hot strength 


at 500 F. 


Although no hard and fast rules could be derived 


on how to prevent scabs in terms of a specific sand 
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Fig. 20— Test for pinhole defect (Ref. 24). 


property, a test casting susceptible to changes in the 
sand was obtained. Subsequent investigation with the 
same test casting and described in reference (33) 
formulated definite advice. 
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Fig. 22 — Test for effect of sprue on casting quality (Ref. 26). 
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Fig. 23 — Test for scab detect (Ref. 27 and 33). 


Reference (30) also includes some work on scabs 
with the use of a different test casting, as shown in 
Fig. 3. The work is truly significant. It is one in 
which the test casting was able to verify some theo- 
rizing about the interpretation of maximum expan- 
sion and maximum compression strain as affected 


by temperature. 


Fig. 24— Test for surface finish (Ref. 28, 36 and 44). 





POURING BASIN_- 


SPRUE 











/ 4 
ip 
Uy 


HF 


Ap 


SECTION B-8 





SECTION A-A 





COPE 





DRAG 


ait 


SECTION C-C 
c 








—— > 


hat 
: IN-GATE 











ea aie te 7 
Lett | 
*| 4 ee 

















6" 


7 — 








Fig. 25 — Test for scab detect (Ref. 30). 








Fig. 26 — Test for penetration (Ret. 31). 


Figure 4 from reference (30) shows a cross-hatched 
area which locates the temperature range wherein 
the maximum expansion of a sand mixture is greater 
than its maximum strain in compression. Here, it is 
reasoned, is the sand-metal interfacial condition that 
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Fig. 27 — Test for penetration (Ret. 32). 
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Fig. 28 — Test for penetration (Ret. 32). 


is conducive to the formation of rat tails, seams, 
buckles, scabs and drops. High expansion of the sand 
on shock heating is coupled with a small ability to 
deform under load. Furthermore, if such a condition 
extends to higher temperatures, the sand (no. 7) 
will tend to cause a defect as opposed to a sand 
(no. 5) with the danger zone erased by an increase 
in temperature. 

Each of these sands were used to produce castings 
from the scab test pattern of Fig. 3. The results are 
depicted in Fig. 5; castings 1, 3 and 5 from the “‘bad” 
sand (no. 7) show the greater tendency for the for- 





Fig. 29— Test for affect of metal gassiness on penetration 
(Ret. 32). 
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Fig. 30 — Test for penetration (Ret. 34). 


Fig. 31 — Test for penetration (Ref. 35). 












Fig. 32 — Test for scab detect (Ret. 37). 





mation of a scab defect. Thus, the sand test data 
gained significance in terms of a test pattern. 

Figure 6, taken from reference (29), is one more 
illustration of the test pattern technique. The left- 
hand photograph shows a rat-tail formation in the 
drag of the simple plate casting made with a par- 
ticular sand. The same sand with an addition of two 
per cent wood flour showed no rat tails as seen in 
the right-hand photograph. Producing many other 
test castings with a variety of sands provided similar 
results. Among the sand test data collected, it was 
found that hot compressive strength and confined 
expansion could be correlated with the appearance 
or disappearance of the defect. Figure 7 summarizes 
the detected relationship. 

Certainly, there is no doubt that the use of a test 
casting has much to offer. However, which design of 
casting to use for a specific purpose has to be de- 
termined. At the present stage of development, there 
are many from which to choose. The accompanying 
table offers a summary of the test patterns suggested 
by contributors to the TRANsActions of the American 
Foundrymen’s Society. Photographs of their designs 
are shown in Fig. 8 through Fig. 38. 

It becomes apparent from a review of the refer- 





Fig. 33 —-Test for hot-tear defect (Ref. 38). 
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Ref. 


Test Pattern 
Description 


disk 5-in. dia. x 21%» in. 


disk 6-in. dia. x 4g in. 


block 90 x 120 x 220 mm 


block with core prints 
to hold 3 standard 2-in. 
dia. x 2-in. test speci- 
mens 


1. octagonal block 
2. hollow tee 
3. solid tee 


1. cylinder with restrict- 
ed opening through 
which core must be 
knocked out 

2. re-entrant and ex- 
ternal angles exposed 
to penetration 

block 8 in. x 34 in. x 
2 in. 


double-flanged fitting 


1. evlinder 6 in. dia. x 
8 in. 

2. wedge 

cylinder with restricted 
openings on each end 


plate 10 in. x 5 in. x 


Y% in. 


x 9 in. x 
reference 


plate 11 in. 
Ag in. 
29) 
plate 10 in. x 6 in. x 
\% in. 


(see 


angle plate 


block 114 in. x 11% in. 
x 5% in. 


plate 11 in. x 9 in. x 
Fg in. (see reference 
25) 


Purpose 


smoothness as 
core sand 


Surface 
affected by 
mixes. 


Determination of fac- 
tors influencing surface 
quality 

Determination of vol- 
ume and composition of 
gases evolved from oil- 
bonded cores 

To find cause of and 
methods for prevention 
of veining and _pene- 
tration 


To note effect of mold 


materials on solidifica- 
tion rates 
To determine ease of 


core knockout, penetra- 
tion, veining and _ sur- 
face quality 


To note chilling char- 
acteristics of various 


mold materials 


To determine cause of 
bore cracks and means 
of elimination 


To note effect of sand 
density on solidification 
rates 


To note influence of 
sand mixes and proper- 
ties on ease of knock- 
out 


To determine cause of 
pinhole defect 


To determine cause of 
rat tails 


To note influence of 
sprue design on casting 
quality 


To determine scabbing 
tendencies of molding 
sands 


To determine factors 


affecting surface finish 


To determine cause of 
rat tails 


SUMMARY OF TEsT PATTERNS REVIEWED 


Sand Properties 
Measured 


Grain size 


Grain size, moisture 
hardness, composition 


Weight of core 


Density 

Grain size and distribu- 
tion 

Hot compression 


Thermal conductivity 


Moisture, flowability, 
green compression, 
permeability, tensile 
strength, density 


density, thermal  con- 
ductivity and heat ca- 
pacity of mold and chill 
materials 
permeability, green, 
compression, dry _per- 
meability, dry strength, 
hardness, flowability 
density, hardness, 
moisture, permeability 


dry permeability, dry 
tensile, collapsibility, hot 
compressive _—_ strength, 
retained compressive 
strength, compositions 
moisture, permeability, 
hardness, green defor- 
mation 


room and elevated tem- 
perature properties 


room and elevated tem- 
perature properties 


moisture, hardness, 
(metal temperature) 


see reference 25 


Sand Properties 
Correlated 


Grain size 


Grain size, 
moisture 


None 


Grain size, 
collapsibility, 
composition 


Composition 


Density 


Hot compressive 
strength, sand 
mixture 


All 


hot strength and 
expansion at 
1000 F 


dry compression, 
hot compression 
at 500F, max. 
strain of green 
compression 


moisture 


hot compression, 
1100 F confined 
expansion 1500 F 
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Results 


Uniform grains of fine- 
ness consistent with 
surface requirements 
should be used 

Grain size and moisture 
content mainly _in- 
fluence surface quality 


|. purpose accomplished 
2. gas from cores can- 
not be estimated from 
loss of weight 

1. test worked 
well 

2. visual evidence of 
veining provided meth- 
ods for prevention 

1. determined effect of 
controlled freezing 
rates on (a) yield, (b) 
soundness, (c) me- 
chanical properties, 
(d) metal grain size 


pattern 


1. method established 


for determination of 
energy to knock out 
core 


2. no definite results on 
penetration 


1. showed effect of cool- 
ing rate on (a) solid- 
ity.  (b) mechanical 
properties 

cracks overcome by con- 
trol of core collapsibili- 
ty and control of solidi- 
fication 

l. increase in density 
causes increase in cool- 
ing rate 

hot compressive strength 

at 2000F determines 
ease of knockout 


factors increasing mold 
gas pressure accelerate 
pinhole formation: low 
permeability, increase 
moisture, increase mold 
hard. 

sand conditions noted as 
cause of rat tails 


Skins, blows and micro- 
porosity related to tur- 
bulence as caused by 
gate design 
properties correlated 
with scabbing defect 


rougher surface caused 
by (a) higher metal 
temperature, (b) high 
moisture, (c) low sand 
uniformity against pat- 
tern 

rat tails decreased with 
hot compression kept 
between 50 and 80 psi 
and confined expansion 
below 0.030 in./in. 


Metal 
Used 


Gray iron 
Steel 
Red bras 


Gray iror 


Aluminur 


Phosphor 
Bronze 


Manganes« 
bronze 
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Gray iron 


Magnesium 


Steel 


(Class B) 


Gray iron 


Gray iron 


Magnesium 


Gray iron 


Magnesium 


Gray iron 


Bronze 


Gray iron 


20 


21 


24 
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30 
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36 


39 


46 
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Ref. [est Pattern 

No. Description 

30.~=s inv. rted square bowl 

31s cylinder 51% in. 
dia. at bottom, 7 in. 


$4 


39 


46 





dis. at top x 5 in., con- 
taining 4 standard sand 
pecimens 11 in. dia. 


ZZ 


x 2 in. 
lock with re-entrant 
1 external angles 
vlindrical block with 
pore 


>. W edge 


angle plate (see ref. 


cylindrical block of vary- 
ing height, 6-in. dia., 
containing 4 specimens 
l4-in. dia. x 2 in. 
block containing 3 
standard specimens, 114 
in. dia. x 2 in. 


block 114 in. x 14% in. x 
54 in. (see reference 
28) 


block 12 in. x 12 in. x 


2 in. 


cvlinder 6 in. O.D., 34 
in. wall x 6 in. 


1. block 6 in. x 6 in. x 
5 in. attached to plate 
6 in. x 4 in. x %g@ in. 

2. modified inverted 
square bowl (see refer- 
ence 30) 

cube 5 in. x 5 in. x 5 

in. containing prints for 

4 test cores, each | in. 
x 1 in. x 1 in. 


see reference 40 


see references 28 and 36 


cylindrical block 6 in. 
dia. x 5 in. containing 4 
prints for AFS 1% in. 
spec. 

contoured block 2114 
in. x 10 in. x 5 in. con- 
taining 7 prints for test 
cores 


SUMMARY 


Purpose 
To show usefulness of 
controlling temp. prop- 
erties in elimination of 
scabs 


To determine factors 
affecting metal penetra- 
tion 


To investigate the pene- 
tration of steel into 
molding sand 


To determine scabbing 
tendencies of molding 
sand 

To determine factors 


affecting pentration in 
green sand 


To study metal pene- 


tration in sand molds 


To determine factors 
affecting surface finish 


To determine factors 
affecting scab formation 


factors 
to hot 


To determine 
contributing 
tears 

To check elevated tem- 
perature data with scab 
forming tendency 


To determine factor af- 
fecting veining 
To note veining ten- 


dencies of cores 


To note effect of flow- 
abilitv on surface finish 
To determine effect of 
ramming and washes on 
penetration 


To determine factors 
influencing metal pene- 
tration 


oF TrsT PATTERNS REVIEWED (cont.) 


Sand Properties 
Measured 
Maximum strain and ex- 
pansion on shock heat- 


ing 


(density) . 
(pres- 
fineness 


ramming 
casting height 
sure), grain 

and distribution 


grain fineness and dis- 
tribution, composition. 
permeability, thermal 
diffusivity, moisture, 


density 
heat shock resistance, 
hot deformation at 


1000 F, green compres- 
sive strength, density. 
green deformation, flow- 
ability, permeability. 
dry strength, hot 
strength, expansion, 
composition (silt con- 
tent) 

sand composition, metal 
head and temperature 


grain distribution, mois- 


ture, metal head, set- 
ting time in mold, 
number of rams 

screen analysis, green 
permeability, green com- 
pression, green defor- 


mation, flowability, 
density, dry comp., hot 
comp. 500 F, hot comp. 
1000 F 

composition, deforma- 
tion, characteristics per 
stress-strain curve 


density, 
strength, composition 


compressive 


hot compressive strength 
and maximum strain 


baked hardness, baked 
permeability, tensile 
strength, transverse 
strength, transverse de- 
flection, gas pressure, 
collapsibility, expansion, 
screen analysis, mois- 
ture, composition 

see reference 40, hot 
strength, hot deforma- 
tion 


screen analysis, 
flowability 
density, surface 
condition 


composition, permeabil- 
ity, tensile strength 


Sand Properties 
Correlated 
strain and ex- 
pansion from 900 

F to 2400F 


permeability. 
grain size, metal 
pressure 


green compres- 
sion. ram density 
green deforma- 
tion, silt content 
dry strength, de 
formation at 
1000 F 


bility 


perme: 


All for brass, 
none for alumi- 


num 


permeability, 
grain size, flow- 
ability. grain dis 
tribution 


composition, 
stress-strain 
relationship 


density 


stress-strain 
characteristics 


none 


green hardness. 
hot strength, hot 
deformation rate 


flowability 


density, surface 
condition 


composition and 
dry permeability 





Results 
scab-forming tendency 
diminished for sand 
whose strain remains 
less than its expansion 
at lower temperature 
(1) ferrostatic head in- 
fluences penetration. 
(2) silica flour cores re- 
sist penetration 


increase in ferrostatic 
head, time of exposure, 
sintering temp., steel 
temp., permeability, 
grain size: increased 
pentration 

definite minimum values 
for properties correlated 
suggested for control of 


scabbing 


metal head exerts great 


est influence on pene 
tration 
no penetration with 


iluminum, penetration 
hv brass influenced by 
all factors investigated 
best finish with lowest 
permeabilitv and high- 
est grain fineness 


failure at max. 
deform. 
fail- 


stress 


rapid 
stress with low 
causes scabs: slow 
ure after max. 

with high deformation 
prevents scabs 

design of casting in- 
fluences hot tear sys- 
ceptibility, core density 
not definite in terms of 
actual stress-strain mea- 
surements of sands used 
but in line with finding 
discussed in reference 30 


veining influenced by 
composition, pouring 
temp., ramming; no di- 
rect relationship with 
properties measured 


veining tendency in- 
creases with green hard- 
ness, hot strength above 
40 psi 
surface finish affected 
by flowability 
increased resistance to 
penetration by help of 
washes 


penetration influenced 
by metal head and per- 
meabilitvy of core mix- 
ture 


Metal 
Used 
Gray iron 


Steel 


Steel 


iron 


Grav 


Steel 


Aluminum 
95AL-5S 

Brass 
85-5-! 





Bronze 
85-5-5-5 


iron 


Gray 


Steel 


Steel 


Gravy iron 


Gray iron 


Bronze 
85-5-5-5 


Gray iron 


Bronze 
Navy M 


Fig. 
No. 


25 


97 
28 
29 


28 


30 


32 


33 


34 
35 


36 


36 


38 
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Fig. 34 — Test for scab detect (Ref. 39). 








RISER POURI BASIN 






SPRUE 









L 
He SECTION A-A 


3", ORAG 
} + 
Airs 
a 
SECTION 8-B 
B 
IN ~GATE 

















Sorrel ecscecsoas 

















SCABBING PATTERN,TYPE A 
GATING AND RISERING 








Fig. 35 — Test for scab defect (Ret. 39). 





‘LEsT PATTERNS FOR EVALUATING SAND MIXTURE 








Fig. 36 — Test for veining (Ref. 40 and 43). 
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Fig. 37 — Test tor penetration (Ref. 45). 


ences that several designs are standard already, be- 
cause of their simplicity and ability to respond to 
the testing conditions. 

Foremost is the use of the AFS standard sand speci- 
mens within a block of metal. Information concern- 
ing penetration, veining, flowability, core and mold 
washes and ramming has been obtained by such a 
test pattern. The work of references (17), (31), (34), 
(35), (40), (43), (45) and (46) depend on this test 
in one form or another. 

Although it is found only in reference (39), the 
Steel Founders’ Society test block has become com- 
monplace with steel foundries. It, too, has proven 
useful for the correlation of a variety of defects with 
sand data and shop practice. 
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Fig. 38 — Test for penetration a — 
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THIS DIMENSION MAY BE CHANGED BY 
USE OF VARIOUS INSERTS IN CORE BOX. 


3/4-IN. DIAM 
DOWNGATE 


7/16-IN. CORE THICKNESS MADE STANDARD 


The simple plate of references (24), (25), (26) 
and (29) shows promise for the understanding of 
defects due to expansion-contraction characteristics of 
sand, as well as defects caused by metal conditions. 

The next phase of activity for Committee 8-T is 
to make a comprehensive survey of the test patterns 
actually being employed by foundries. Interest will 
be centered on testimonies concerning the assistance 
test patterns have provided for solving production 
problems. Your cooperation during the coming year 
is solicited. Questionnaires and requests for your 
story will be coming your way. 
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DISCUSSION 


Chairman: M. W. WitutaMs, Houston Foundry & Machine 
Co., Houston. 

Co-Chairman and Secretary: J. B. Caine, Wyoming, Ohio. 

C. E. WENNINGER:! That room temperature tests of molding 
materials do not tell the whole story as to behavior in contact 
with liquid metal cannot be over-stressed. In work at University 
of Kentucky on reclaimed steel molding sands, no correlation was 
found between room temperature sand properties and the cast- 
ings until the test pattern shown in Fig. 34 was used. After 
the sand’s behavior was established by casting tests it was possi- 
ble to predict any given sand’s behavior fairly well from its 
particular room temperature tests. Measuring a property does 
not necessarily established a physical relationship. Actual cast- 
ing tests are necessary. 

H. W. MeEyer:? We have always been able to correlate high 
temperature dilatometer properties with our sand’s perform- 
ance in the foundry, with one exception. The test casting shown 
in Fig. 34 takes into account non-uniformity in ramming and 
is valuable from this respect. 

G. J. Grorr:’ Mr. Meyer brings up an important point. 
variation in ramming. Many times this is the reason for the 
lack of correlation between the sand in the flask and the same 
sand in the laboratory. The effect of non-uniform ramming is 
accentuated with weakly bonded sands. 











Test PATTERNS FOR EVALUATING SAND MIXTUR 


Victor RowetL:* The speaker does not list a test casting f 
flowability. Is there such a test casting? 

Mr. Locke: I know of no test casting; why not measure th 
property directly from the sand itself, as is now being done? 

Mr. RoweELL: Such a test must measure the supervoids in tl 
sand. A cast surface would be better. 

Co-CHAIRMAN CAINE: This was done for bronze by the i: 
vestigators in reference 44. Unfortunately, the introduction « 
a test casting adds all the metal variables of hydrostatic pre 
sure, surface tension, pouring temperature and mode of solidif 
cation. 

Mr. Grott: If supervoids are present the sand is worthles 
Density is the best measure of flowability. 

Co-CHAIRMAN Carne: If the presence of supervoids makes 
sand worthless, all sands containing clay are worthless. Th: 
AFS Flowability Committee has been unable to use density as 
basic measure of flowability due to interference by independen 
variables. For any given sand, binders and in a restricted rang: 
of water contents, density can be used as a control test. Thi 
density must be accurately determined, for a slight change in 
density equals a large change in supervoids and what the 
foundrymen call flowability. 

W. H. Lyne:® Is anyone using the S.F.S.A. test pattern of 
Fig. 34, or a flat plate, similar to Fig. 20 as a control test? 

Mr. Locke: The test pattern of Fig. 34 is used by several 
steel foundries as a routine control test with good results. It 
seems as if this test casting is slightly too severe as a test for 
sands used for small and medium steel castings. 

Mr. Carne: Is a flat plate-like test casting used by any steel 
foundries? 

F. E. Kurrz:6 We use a 14x8xll-in. flat plate casting as a 
control test. The mold is rammed as hard as possible. No riser 
is used, only a flow off. This test casting is used to check sur- 
face finish, erosion and scabbing. In some cases the test casting 
is poured from a lot of special sand, the sand is stored over 
night. Production castings are made the next day with this 
sand if the test casting is OK. 

Mr. Locke: The plate casting of Fig. 20 is used by the mag- 
nesium foundries to check erosion. They have studied the effect 
of gate design as well as the sand itself. Many times and with 
all test castings, defects are called scabs that may be erosion to 
the degree that a scab-like defect appears on the casting. 

Co-CHAIRMAN CaINE: All previous discussion was concerned 
with steel. Do the iron foundries use test castings? 

H. E. HENDERSON:* Most gray iron foundrymen use production 
castings for test castings. The practical foundryman is starting 
to appreciate test castings, along with a growing appreciation 
of sand technology in general. 

Mr. RoweEL.: A step block test casting has been used in iron 
as a test casting. It is a severe test, for it is quite difficult to 
obtain a perfect casting from any known sand. 

CHAIRMAN WILLIAMS: Do the studies of this Committee indi- 
cate that some of our sand tests are useless? 

Mr. Locke: Yes, not this Committee’s studies, but other 
work ‘as shown this for checking a particular defect and data. 


. National Engineering Co., Chicago. 

. General Steel Casting Co., Granite City, Il. 

. Foundry Consultant, Houston. 

Harry W. Dietert Co., Detroit. 

. Hughes Tool Co., Houston. 

. Electric Steel Casting Co., Indianapolis, Ind. 

. H. C. Macaulay Foundry Co., Berkeley, Calif. 
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DEVELOPMENTS IN THE LIGHT CASTINGS INDUSTRY 


INCLUDING THE NEW DIE PRESSING PROCESS 


By 


R. S. M. Jeffrey* 


@ The founding of castings for the building trades com- 
prising the production of pipes, pipe fittings, gutters, 
baths and cooking appliances is one of the oldest of 
the crafts. Man took an interest in his habitation and 
food prior to concentrating on weapons to destroy them. 
Evidence shows that it was practiced first by the Chi- 
nese. It appears, however, to have been unknown to 
the Romans, though several iron bloomeries were op- 
erating in England during the Roman occupation. The 
first products of early Sussex iron foundries were grave 
slabs, chimney furniture, and cooking utensils; later, 
pieces of cannon and other engines of war. The earliest 
example of a cast iron grave slab bearing a date, to be 
seen at Crowhurst Church in Surrey, was cast in 1591. 
Cast iron cannon were being made at the beginning of 
the 16th century. 


In modern times, the first significant advance in iron 
founding was the successful application of coke to the 
smelting of iron introduced by Abraham Darby, the 
elder, at the beginning of the 18th century. In his 
foundry at Coalbrookdale in Shropshire, he began by 
producing cast iron hollow-ware from sand molds. Ex- 
panding activities and fortunes of the firm were closely 
associated with the Industrial Revolution, which estab- 
lished cast iron as the leading engineering and structual 
material for the greater part of the 19th century. 


Other foundries followed the Darbys in the produc- 
tion of light castings, notably the Carron Ironworks 
near Falkirk, which acquired a reputation for its do- 
mestic stoves and grates and numbered the Adam 
Brothers among its designers. Isaac Wilkinson, father 
of the more famous John Wilkinson (co-inventor of 
the cupola furnace and the man who perfected the cast 
cylinder for Watt’s steam engine) was engaged in the 
1730's in pot founding. It is told how at Lindale he 
carried the molten metal from the blast furnace across 
the road to his foundry. These are only a few of the 
better known names among the many iron foundries 
which sprang up all over the United Kingdom—in the 
Midlands, Yorkshire, Derbyshire, Lancashire, South 
Wales, and Scotland—during and subsequent to the 
Industrial Revolution. 
~ This is the Official Exchange Paper from the Institute of Brit- 
ish Foundrymen to the American Foundrymen’s Society. 


*Director, Grange-Camelon Iron Co. Ltd., Falkirk, England. 
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Many foundries were engaged on government con- 
tracts during the American and Napoleonic Wars. 
When these contracts came to an end, foundries fre- 
quently turned their attention to the production of a 
variety of household and builder’s castings. In partic- 
ular, the Scottish light castings industry originated 
during this period. By the middle of the 19th century, 
castings were applied to every imaginable use in build- 
ing: gates, railings, verandas, treads, and risers, com- 
plete stairways, columns, windows, pipes, rain-water 
goods, manhole covers, heating and cooking stoves, 
baths, mantels, and, in addition, a wide range of orna- 
mental uses frequently executed in the worst possible 
taste owing to the vulgarization in design which co- 
incided with the greatly increased production. 

One other development of importance to the light 
castings foundries took place in the 18th century—the 
art of enamelling. This was of German origin; there is 
evidence that acid-proof enamelled castings for stoves, 
cooking utensils, and chemical ware were being pro- 
duced in Wurttemberg in 1764. In 1799, a patent was 
granted to Samuel Hickling of Birmingham, England, 
“to improve and beautify certain vessels and utensils 
used for chemical, culinary, and various other purposes, 
made of hammered iron or cast iron . . . by lining or 
covering them with . . . vitreous compounds.” Thus, 
the foundations of a new industry were laid, leading 
to the wide-range of brilliant enamel finishes on cast 
iron that are available today. 

Reference has been made to the work of the Adam 
Brothers in casting design; the home presented Presi- 
dent Eisenhower at Culzean Castle in Scotland owes 
much to their skill. Rebuilt in 1777 by Robert Adam 
its iron staircase and fireplaces are excellent examples 
of the style in design which they made famous. Refer- 
ence has also been made to the extreme bad taste in 
design which followed. This, coinciding with greatly 
increased production, was possibly due to too much 
sudden wealth. In recent years, however, much greater 
emphasis has been placed on good design and with the 
advent of the industrial designer working with the 
technical staff many newer appliances are, though mass 
produced, first rate both in appearance and efficiency. 

Working conditions in light casting foundries have 
been greatly improved in recent years. The report of 
the Joint Advisory Committee on Conditions in Iron 
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Foundries, issued in 1947 (generally called the Garrett 
Report) was sympathetically received by all parties in- 
terested in the industry. Eating and washing facilities 
have been provided in many foundries. Much thought 
has been given to evolving the best working conditions, 
particularly in regard to ventilation, dust, and fume. 

Improvements in working conditions are the results 
of combined efforts of equipment manufacturers, pro- 
duction planning engineers, and operatives. The venti- 
lating engineer presumes that dust is airborne and 
susceptible to the flow of exhaust air. The foundry 
equipment manufacturer has the advantage that dust 
is not dispersed until his machinery is set in motion; his 
ingenuity can be directed to evolving machines of new 
designs that will keep sand moist, will not generate 
dust, or, at worst, will not disperse dust beyond the 
equipment enclosure. The foundry planning engineer 
cooperates with the foundry equipment manufacturer 
by providing facilities for the ventilating engineer to 
install hoods and ducts to catch dust close to the point 
of origin. 

The results of two specific projects investigated by 
the British Cast Iron Research Association Foundry 
Atmospheres Committee provide a useful contribution 
to solving the foundry dust problem. 


Pedestal Grinder. W. B. Lawrie, of the Inspectorate 
of Factories, showed the conventional method of con- 
trolling dust produced by a pedestal grinder to be in- 
effective. He showed, by means of motion picture films 
taken while the dust was illuminated with powerful 
lamps, that a high velocity dust-bearing air stream 
moved upwards into the breathing zone of the operator. 
Speeds and directions of dust-bearing air streams set 
in motion by the wheel of a pedestal grinder were meas- 
ured. Results indicated that high velocity air streams 
were deflected by the casting towards the body of the 
operator, which re-directed them upwards and into the 
breathing zone. Fortunately, results indicated that 
while air velocity was almost 1000 fpm at the base of 
the bodyline, it rapidly diminished to about 50 fpm 
so that control by entrainment in exhaust air streams 
was possible at a point below the face of the operator. 
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Fig. 2. . Front and sectional end view of die press ma- 
chine with dies open. 


A vortex above the leading edge of the wheel cowl 
revealed that the volume of air entrained by the wheel 
created a zone of low pressure above the cowl into which 
air flowed from all directions, including the breathing 
zone. It was therefore apparent that this position could 
be employed to exhaust sufficient air to increase deflec- 
tion started by the low-pressure zone and control dust- 
bearing currents moving up the body, ensuring that 
only replacement air from the general body of the shop 
was moving through the breathing zone of the operator. 
The advantage of this system of external ventilation is 
that its effectiveness is independent of the gap between 
the cowl and leading edge of the wheel. 


Collection of Cupola Dust. The emission of dust and 
fumes from the cupola increases the dust concentration 
in air around the foundry, raises the cost of cleaning 
and repairing foundry roofs, and is anti-social. Esti- 


Fig. 1..Removing 
cast iron gutter from 
die press machine. 
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tes and tests indicate that 10 to 50 Ib of solids per 
n of metal melted are emitted, and that the quantity 
iffected by such factors as coke-metal ratio, sand on 
the pig iron, ash in the coke, and gas velocity. 

it is difficult to assess the efficiency of dust arresters 
on an absolute basis, but comparison of performance 
records indicate that the quantity (by weight) of par- 
ticles over 150 microns in size collected is about 20 per 
cent for a pent-house type construction with the ex- 
pansion ratio in the order of 1 to 200, and 5-15 per cent 
for a common type of expansion-deflection chamber 
having an expansion ratio of about | to 2 or 3. The 
wet-type of dust arrester, which has been the subject 
of development and improvements by Buchanan, shows 
efficiencies of 40-70 per cent and possesses the advantage 
that water sprays also extract some of the basic sulphur 
content of the coke. 

In view of the foregoing test results and the necessity 
of developing relatively inexpensive equipment, the 
Foundry Atmospheres Team has evaluated, and co. 
operated in the design of, a number of wet-type dust 
suppressors with particular emphasis on methods that 
recirculate and are therefore economical in the use 
of water. A typical arrester of this type fitted to a 24-in. 
cupola melting two tons of metal per hour was found 
to collect 16 lb of dry solids per ton of metal, with a 
water recirculation rate of 167 gpm. 

For various reasons technical investigation in the 
light castings foundry has lagged behind other sections 
of the foundry industry leaving problems more specif- 
ically related to light castings unsolved. The Light Cast- 
ings Sub-Committee of the British Cast Iron Research 
\ssociation recently directed attention to two of these 
problems—anomalies in fluidity and enamel blistering. 
While the investigations of these problems have been 
fully reported in the Association’s Journal, a resume of 
this work is worth recording here, because it has re- 
sulted in the clarification of our knowledge. 

Anomalies in Fluidity. Under certain circumstances 
it had been claimed that metal of apparently constant 
composition and temperature was sometimes more fluid 
than others. The first stage of the work involved devel- 
oping a test piece capable of giving reproducible re- 
sults. Using the test piece, it was found that, in general, 
only total carbon, silicon, and phosphorus contents and 
pouring temperature affected fluidity; pouring tem- 
perature had, by far, the greatest effect. A formula was 
evolved whereby relative fluidity of cast irons could 
be determined: 


CEF — Si/3 + P/2+ TC 


where CEF means “carbon equivalent based on fluid- 
ity.”” All irons of similar CEF value at similar tempera- 
tures possessed the same fluidity properties. Increasing 
pouring temperature 14-17 had an effect similar to in- 
creasing the CEF value by 0.10. Small concentrations 
of sulphur, nickel, and chromium had little or no 
effect on fluidity. 

It has been shown by Portevin and Bastein (Journal 
of Institute of Metals vol 54, 1934, pp 54-58) that fluid- 
ity varies indirectly with the freezing range and is, 
therefore, greatest for pure metals and eutectics. In 
the case of cast iron, however, the fluidity of hypo- 
eutectic materials increases as the eutectic (4.3 carbon 
equivalent) is approached; and fluidity continues to 
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Fig. 3... Shows dies and cam action with dies partially 
closed (upper) and closed (lower). 


improve up to approximately 4.75; but beyond this 
fluidity falls rapidly. This point has obviously been 
realized in the light castings industry as many composi- 
tions used without complaints of poor fluidity have 
carbon equivalents of 4.5-4.6. 

The CEF value should not be confused with the 
CE value. Whereas CEF is useful to calculate the rel- 
ative fluidity of cast irons the CE value is to calculate 
how near a particular composition is to that normally 
accepted as eutectic composition. Increasing CEF value 
denotes increasing fluidity only up to a CE value of 
4.75, whereas the CEF of maximum fluidity varies with 
the phosphorus content. 


The fall of fluidity in hypereuteciic irons is thought 
to be due to the precipitation of primary graphite 
(kish) which interrupts metal flow. If this graphite 
is in flake form the interruption is most serious but if 
in nodular form, as in magnesium or cerium treated 
iron, the interruption is less serious and better fluidity 
is obtained. 

It has often been stated that under certain conditions 
so called “oxidized” iron is produced from the cupola. 
This iron can result from low coke bed, over blowing, 
and/or the use of badly rusted scrap in the charges; 
and, although apparently of the same composition and 
pouring temperature, has poorer fluidity. Experiments 
on “oxidized” metal showed that a metal of poorer 
fluidity was produced. Analysis showed, however, that 
the actual fluidity was that which would be expected 
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on consideration of composition and pouring tempera- 
ture and that the poorer fluidity could be explained 
entirely by lower pouring temperatures and lower 
carbon and silicon contents. Although the production 
of “oxidized” metal has no unusual effect on fluidity 
there may be an effect on the emissivity of the surface 
that allows the metal to appear hotter than it actually is. 

There has been a tendency in the industry to regard 
phosphorus as the major fluidity promoting element, 
but the result of this work directs attention to the 
more important element, carbon, and to the major 
effect of pouring temperatures. 


Enamel Blistering. Many of the light castings pro- 
duced, particularly for stove and grate work, are vit- 














Fig. 4.. Top view shows motors and reduction gears. 


reous enamelled. Surveys have shown that the process 
is not always completely successful and defects occur 
which warrant the reprocessing of many components. 
Whereas in certain cases the causes of these defects are 
obvious, in others they are obscure and no flaw in the 
casting could have been detected by visual means prior 
to enamelling. In general, defects of the former group 
can be reduced by improved foundry control and pre- 
enamelling inspection. Defects of the latter group nor- 
mally take the form of blisters and their developments, 
pin holes and black specks. 

Blistering is caused by gas evolution from the vicinity 
of the iron-enamel interface. These gases are known to 
be predominantly oxides of carbon. In certain cases 
subsurface defects have been detected in the castings 
beneath severely blistered areas, and these defects have 
one thing in common, namely the presence of oxides. 
The defects originated by various mechanisms such as 
inclusions of sand or slag, kish and other forms of coarse 
graphite, but during cooling in the mold, annealing, 
where carried out, and storage, oxygen has penetrated 
in their region. During the enamel fusing process the 
oxides formed react with carbon evolving gases. 

Surface machining or grinding of castings has been 
claimed to improve results, but whereas this treatment 
will remove the source of “boil” by removing sub sur- 
face defects, general blistering may still occur. It is 
thought that the mechanism of formation of gases caus- 
ing blistering of enamels on apparently sound castings 
is as follows: 

When gray cast iron is heated in air oxidation occurs, 
and at temperatures up to the order of 1256 F (680C) 
carbon and iron oxidize side by side, but above this 
temperature carbon oxidizes preferentially to iron. 
Thus in the enamel fusing cycle where the enamel 
“biscuit” is porous up to temperatures of the order of 
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1112 F (600C) but then seals the castings from the a 
mosphere, direct atmospheric oxidation can occur on] 
up to approximately 1112F (600C). Up to this ten 
perature gases will be evolved by the direct oxidatio 
of carbon and at the same time some iron oxide wil 
be formed. Oxidation will cease when the casting i 
completely sealed, but above 1256 F (680C) carbo 
will react with the iron oxide to give further evo 
lution of gas. This gas bubbles through the enamel and 
the bubbles will remain as blemishes on the finished 
component unless: (a) they are so small as to be un 
detected by the eye, (b) the reaction ceases because al! 
the iron oxide in contact with graphite is used up and 
the craters heal over, or (c) the viscosity of the ename! 
is such that during cooling, sufficient mobility is re 
tained to heal over blister craters as they form. 

The temperature cycle during enamel fusing is there 
fore of great importance. Although it is always danger- 
ous in problems of this type to base conclusions on smal] 
scale experiments, it has been shown that castings can 
be enamelled with greater success in continuous fur 
naces than in box muffles. 

The rate of heating is important because this deter- 
mines the amount of oxidation which can occur before 
the enamel seals the castings from the atmosphere. Al- 
though rapid heating shortens the time available for 
oxidation, it should be remembered that the nature of 
the enamels is such that the temperature of complete 
“sealing” depends upon the rate of heating and will be 
highest when the rate of heating is most rapid. Slow 
cooling, and with this is associated holding at the re- 
quired temperature, on the other hand is always to be 
preferred because the enamel remains fluid for the max- 
imum possible time enabling all the gas to escape and 
the craters formed to heal over. Thus although the 
value of continuous furnace practice is obvious on con- 
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Fig. 5... All speeds are adjustable at contro! panel. 











Fig. 6 .. Final coating on die is lamp black. 


sideration of the cooling cycle, it is difficult to be certain 
whether the slow heating on this type of furnace is to 
be preferred to the rapid heating in box muffles. 

Other factors than fusing cycle also have a bearing, 
and probably the most important of these are the size, 
form, and distribution of graphite, since when oxida- 
tion occurs the depth of penetration below the surface 
is determined by the nature of this constituent. It may 
well be that with one type of graphite rapid heating is 
to be preferred but that with another type slow heating 
is advantageous. Control of graphite is extremely difh- 
cult since it is influenced by many things not always 
easily controlled in the foundry. Not least among these 
are small quantities of so-called residual elements in pig 
iron hitherto considered unimportant. 

Mechanization in the light castings industry is com- 
paratively new in Great Britain. A quarter of a century 
ago all production was by loose pattern or plate mold- 
ing, except in a few isolated instances where hand- 
operated machines were used. 

In 1930 large scale developments took place in the 
foundries of the motor car industry and their example 
was followed a few years later in some of the light 
castings foundries. In 1932 a continuous, mechanized 
plant was installed in one foundry for the production 
of rain water bends and connections. Similar plants 
were introduced about the same time in two other 
foundries for the production of gas cooker parts. The 
development in the industry was, however, very slow, 
since at that time a severe trade recession was in prog- 
ress and capital for development was very limited due to 
low profit margins. Another argument put forward for 
the retention of hand molding methods was the fact that 
ample skilled labor was available at the time and 
reasonable rates of production were obtained from the 
men. 

During World War II most of the younger men in the 
foundry industry were drafted and in 1945 the light 
castings industry was left with only a small force of 
elderly skilled men to cope with a rapidly expanding 


Fig. 7 .. Cupolas are mechanically charged. 


order book, which had to deal quickly with war dam- 
age and an extensive rebuilding program. 

Some of the foundries were fortunate since they had 
turned over to mortar bomb and cast steel track link 
production during the war which required a consider- 
able amount of mechanization. These units were quite 
readily converted to peace-time production which al- 
lowed unskilled labor to be used to a considerable ex- 
tent. Many other foundries rapidly followed suit and a 
large proportion of the work was organized on a mech- 
anized or semi-mechanized basis. 

While these developments have been extensive in 
some foundries, particularly in the case of gas and elec- 
tric cooker manufacture, there is a definite limitation 
to the developments which can take place in the other 
light castings foundries, mainly due to the variety of 
work being produced and the seasonal nature of the 
trade. 





Fig. 8 .. Cupolas are operated to give hot metal. 
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Apart from the development of pressed cast iron gut- 
ters, a number of foundries have, or are, in the process 
of introducing spun pipe plants to deal with both soil 
and rain water pipes. A few foundries already are pro- 
ducing these pipes by slinger methods with four in a 
flask, the principle being to use a turntable with three 
or four stripping machines to one slinger unit. 

Little or no development has taken place in the light 
castings industry with shell molding, since apart from 
the heavy cost of raw materials, the argument put for- 
ward is that equally good results can be obtained with 
sand molding, provided care is taken to maintain flask 
parts and have accurate sand control. 

The bulk of flat plate work which has been mecha- 
nized is being produced on plain squeeze, electric mold- 
ing machines. These machines have been found to give 
very good results and high rates of production. Much of 
the smaller work is developed along the lines of snap 
flask molding and while a few foundries have experi- 
mented with the metal, quick-release type of flask, most 
of the foundries tend to retain the conventional type of 
wooden snap flask. Another development—the flaskless 
type of hydraulic molding machine is expected to re- 
place snap flask molding to a large extent. 

Certain information concerning some of the light 
castings foundries has been collected over the last four 
years by the Operational Research Team of the British 
Cast Iron Research Association. Table | shows that the 
output per operator per annum for stove, grate, and 
rainwater goods production is 30.8 tons, whereas gas 
and electric cooker production is at a rate of 25.6 tons. 
These figures compare very favorably with the output 
from all classes of foundries (excluding ingot mold 
foundries), which averages 22.0 tons per man per an 
num. It is also interesting to note that over 50 per cent 
of gas and electric cooker production is on power oper- 
ated machines, whereas the percentage drops to close 
to 20 per cent for stove, grate, and rainwater goods 
production. The latter foundries do, of course, produce 
other types of castings making an accurate comparison 
difficult to obtain. 

Die Pressing Process. Following is a brief summary 
of the die pressing process first described in detail in a 
paper given by J. A. Richards and the author to the 
I.B.F. Conference in June 1954. 





Fig. 9... Drum and hand ladies transfer metal to dies. 










Fig. 10 
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Faced in 1945 with a large demand for cast iron 
gutters, it was apparent that due to the lack of skilled 
molders a new production method was called for. 
Mechanized sand molding was considered. Due to the 
high cost of handling the large quantities of sand fon 
gutter production, this method of manufacture was 
ruled out and experiments were started on manufac- 
ture by permanent metal molds. Early results produced 
castings fractured in many places and displaying a white 
hard fracture. It will be understood that an annealing 
operation, if found necessary, would considerably raise 
the production cost. To overcome these difficulties, it 
was decided to try out a displacement process by fast 
moving dies, which would eliminate the use of down- 
gates, and facilitate the removal of the gutter imme- 
diately after casting. 

A short length of plain half round gutter, omitting 
the faucet end, was experimented with. The die con- 
sisted of two halves, hinged together, with a handle on 
the top die for operating purposes. Both half dies were 
coated with a chill dressing, heated, metal poured in, 
and pressed. First results were promising—under cer- 
tain conditions of timing, soft gray castings free of 
cracks were obtained. Further trials led to the appear- 
ance of other problems and these were dealt with as 
follows: 

Bor.inc of the metal in the die, producing spongy 
areas in the castings. By superimposing a film of carbon 
on the original coating, this was overcome. 

SPLASHING. Too fast movement of the male die when 
in contact with the metal displaced the metal com- 
pletely from some area of the mold. Conversely, too slow 
movement permitted solidification before the dies were 
completely closed. Close control of metal temperature 
and composition, also die temperature and operation, 
eliminated these defects. 

SLAG INCLUsIONS. As no slag trap could be provided 
it was essential to pour 100 per cent clean metal. 

From these experimental observations on the first 
set up, larger dies were introduced and a full gutter was 
attempted. At the same time production speeds were in- 
creased which resulted in still further problems, par- 
ticularly: 

OVERHEATING THE DIES. It was found necessary to in- 
troduce cooling on both dies. 














. . Die wiil close soon as ladle is removed. 
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Table 1 . . Light Castings Production Statistics 












Average Range, * Produced by, per cent 
Total Range, No. Men, Tons Tons 
No. of Annual Annual 44-hr. per Man per Man Loose Patterns Match Machine 
Fo. ndries Type Tonnage Tonnage Week per Yeor per Yeor Heavy Medium Light Plate Hand Power Slinger 
i9 Stove, 60,078 352 to 1952.4 30.8 12.4 to 0.25 19.95 7.65 40.56 3.28 21.48 6.83 
Grate, 6183 53.1 
Rain- 
Water 
Goods 
5 Gas 19.210 281 to 749.9 25.6 17.6 to — 0.42 1.58 44.79 0.42 52.79 -—- 
and 7619 32.8 
Elec- 
tric 
Goods 





BENDING OF p1ES. Distortion and expansion of the dies 
due to heat was controlled on the bottom die by the 
rigid construction of the base, and on the top die by a 
superstructure comprising a system of tensioning bars. 


Machine Description. It was soon realized that before 
a 6-ft die could be made to work satisfactorily, the ma- 
chine would have to be power operated and automatic, 
with accurate means provided to control timing. The 
male die weighing 450 Ib would need to travel from 
the wide open position to a point just above the level 
of the molten metal in the female die in about two sec- 
onds. It would there stop, then continue at a controlled 
rate until the dies were fully closed, when the location 
of the two dies, relative to each other, would need to be 
very accurate. Electric control was introduced, using a 
pivoted male die and a cam device. The machine itself 
is simple; the complicated part is the control panel. 


Must Air Cool Dies 


Figure 2 shows a diagramatic front view of the ma- 
chine and a sectional end view—the dies being in the 
open position. Figure 3 shows the operation of the cam 
shaft. The cam is shown in its up position receiving the 
cam rollers mounted on the radius arms just before the 
male die contacts the metal contained in the female die, 
and in the fully closed position. 

Figure 4 shows the arrangement of the driving arms, 
reduction gears, and motors. The design of the ma- 
chine was controlled to a great extent by the pouring 
arrangements found necessary. As metal could only be 
poured into the die in the direction of the longitudinal 
axis it was necessary for the top die to be open about 
90° in order to position a hand ladle for pouring. The 
size of the motors, 4 hp, was determined more from the 
weight of the moving die and the torque required to 
lift it, than the force and pressure required in the metal 
displacement. In the closed position the motors pro- 
vide some pressure, additional to the weight of the 
die, which prevents excessive phosphide extrusion on 
the gutter. In this closed position the cams leave the 
rollers on the radius arms, so that the full pressure of 
the top die, together with the power from the motors is 
applied to the casting during solidification. An air 
cooling system on both dies was found necessary w!)en 
producing at the rate of one gutter every 90 seconds. 
After the gutter has been pressed it is manually lifted 
from the female die and placed in the clamping device 
where it cools, during which time an operator knocks 
off the flash formed at the joint face of the dies. 





The die material is an inoculated iron that gives an 
average life of 40,000 castings from a set of dies. 

In addition to controlling the movement of the die 
as already described, it was found necessary to provide 
a safety arrangement, so that the male die could not 
enter the metal in the female die at an uncontrolled 
speed, and also to give indications to the operator when 
the pressed casting should be removed. Each of the 
motors driving the die is equipped with an electro- 
magnetic brake. A suitable electrical interlock is pro- 
vided which makes it impossible for the die to move 
down unless the cams are in their correct position. 

A | hp variable speed DC motor drives the cam shaft. 
The die motors are stalled to maintain full pressure 
on the gutter casting during solidification, then re- 
verse and return the male dies to its normal open posi- 
tion. A signal light indicates the time for removal of the 
casting from the female die. A second signal light 
comes on after a further interval. This interval allows 
the die temperature to stabilize and the die to be re- 
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Fig. 11... Gutters contain undercooled graphite clusters 
in pearlite-ferrite matrix: unetched (upper), picral etch 
(lower), both X100. 
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coated and made ready for commencing the next cycle. 


Figure 5 shows the control panel designed so that a 
single push button sets the machine in motion to carry 
through a complete operational cycle. All speeds are 
adjustable from the front of the housing. 

Process. Dies are heated to above 392 F (200C) and 
an insulating coating of lamp black is applied from an 
acetylene flame (Fig. 6). 

Modern cupolas (Fig. 7 and 8) supply metal of the 
following approximate composition: TC, 3.3%; Si, 
2.6%; P, 0.8%; Mn, 0.5%; and S, 0.1% max. Metal 
has correct fluidity and temperature greater than 
2372 F 1300C in the die. 

Figures 9 and 10 show the drum and hand ladles used 
to ensure clean metal. Under certain conditions slag 
is formed in the die due to the oxidation of the con- 
stituents of the iron. The result, depending on temper- 
ature, is a solid or liquid slag-like material composed 
of silicon, manganese, and iron oxides. These reactions 
do not take place at random, but certain reactions take 
place preferentially at certain temperatures. When car- 
bon is oxidized the product.is gaseous and escapes and 
does not contaminate the surface of the metal, but the 
oxidation of the other constituents gives a solid or a 
liquid slag-like material. This slag forms on the surface 
of the iron and may be reduced by the carbon in the 
iron, depending on the temperature, according to the 
following reactions: 


SiO, + 2C = Si + 2CO 
MnO + C = Mn+ CoO 
FeO + C = Fe + CO 


Each of these reactions is reversible, tending to the 
right at high temperatures and to the left at low tem- 
peratures. Above a certain temperature, which is char- 
acteristic for each composition, they proceed entirely 
to the right, and any oxide or slag originally on the sur- 
face of the metal is reduced by the carbon of the melt, 
giving carbon monoxide, and returning silicon, manga- 
nese, or iron to the melt. Under these conditions the 
surface of the melt rapidly becomes clear. 

The temperature at which the surface will remain 
clear is dependent on the metal composition, and ob- 
viously, the higher the silicon and manganese contents 
of the metal the greater will be the amounts of SiO, 
and MnO in the slag film. It has been found that if the 
elements silicon and manganese are kept to a minimum, 
having regard to their other necessary functions, and 
the temperature of the metal maintained above 2372 
F (1300C) up to the time of pressing, the amounts of 
SiO, and MnO formed can be kept at a minimum. As 
a further precaution, the operator quickly skims the 
metal surface before pressing. Figure 1 shows the cast- 
ing being removed. 

Examination of gutters cast by this process shows 
that tensile strength and hardness are very satisfactory, 
and shock resistance is superior to sand castings. Table 
2 shows tensile strength and hardness values. 

All samples examined under the microscope show a 
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Table 2 . . Strength and Hardness of Gutters 








Test Piece, in. Tensile, psi Brine 
Width Thickness 
Type A 1 0 482 0.184 33,400 243 
2 0.444 0.157 36,600 265 
3 0.473 0.201 35,000 261 
Type B 1 0.551 0.118 43,000 270 
2 0.552 0.136 41,800 267 
3 0.540 0.140 43,000 265 





structure of fine undercooled graphite producing a 
close-grained gray fracture. Figure 11 shows unetched 
the typical undercooled graphite clusters, with small 
amounts of flake graphite, and etched shows the matrix 
to be pearlite and ferrite with the phosphide eutectic 
in a fine network. 

Morrogh and Williams, in their paper on graphite 
formation in cast iron, confirm the work of J. T. Eash 
who found that undercooled graphite structures solidi- 
fy white and subsequently decompose to give under- 
cooled graphite after solidification. It would appear 
reasonable to assume that this is the explanation of the 
gray casting obtained by the new die pressing process. 

While this process was developed primarily for the 
production of gutters, it has much wider aspects and 
possibilities and these are now being pursued. Process 
and machine patents have been granted in the United 
Kingdom and elsewhere, and have been applied for 
in the U.S.A. 
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MONOLITHIC CONVERTER LININGS* 


J. Davies; 


ABSTRACT 
A rammed lining based on quartz, bonded with 
bentonite and graded to maximum packing density 
has led to a striking increase in converter lining life. 
Practices for adjustment of grading, ramming, drying 
and patching are given. 


Introduction 


For many years the standard lining for small side- 
blown converters has been silica brick. In an endeavor 
to increase the refractory life of the author’s con- 
verter, thought was given to a monolithic lining, the 
conclusions of Cress! forming a basis for experimen- 
tation. Cress’ chief recommendations were:— 

1) The use of bentonite instead of fireclay as a 
binder. The smaller quantity required re- 
duced the total percentage of alumina in the 
refractory and hence raised its melting point. 

2) The use of the correct grading to produce the 
maximum packing density in the refractory. 

The author’s work has confirmed Cress’ conclu- 
sions and the new lining has resulted in greatly in- 
creased life of the converter refractory. 


Raw Materials 


Silica. The capacity to carry load nearly up to its 
melting point and tolerance to iron oxide and lime 
attack, coupled with its cheapness and ready supply 
make silica an ideal base for a converter refractory. 
However there are certain disadvantages due to its 
allotropic modifications. 

Quartz on heating undergoes two main allotropic 
modifications, changing to tridymite at 870 C, and to 
cristobalite at 1470 C. The densities of the three are 
considerably different, there being an expansion of 
approximately 15 per cent on changing from quartz 
to tridymite. In turn, each of the three main allo- 
tropes can exist in low (alpha) and high (beta) 
temperature modifications, whose densities are simi- 
lar, e.g., the increase in volume on changing from 
alpha to beta quartz is only 0.5 per cent. 

The main allotropic changes (which involve ma- 
jor atomic rearrangements) are sluggish, e.g., quartz 


*Official Exchange Paper to the American Foundrymen’s 
Society from the Institute of British Foundrymen, Australian 
Branch (Victoria) . 
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must be held for prolonged periods at temperatures 
well in excess of 870 C to be changed wholly to tridy- 
mite. On the other hand, the inversion from the low 
to the high temperature form (which only involves 
minor atomic rearrangements) is sudden. 

While consideration of these modifications may 
appear theoretical, they are of importance since they 
control the rate of expansion. Thus in a lining based 
on quartz, a very small but sudden expansion can be 
expected at 573 C, while a gradual expansion of con- 
siderably greater magnitude may be expected when 
the furnace is held above 870 C. 

The quartz used in all experiments was obtained 
from pebbles. Some doubt is felt regarding the uni- 
formity of this material, but to date no bad effects 
have been noticed. The pebbles have a specific gravity 
of 2.63 g/cc and contain 99.8 per cent silica. On pe- 
trological examination 99 per cent silica was deter- 
mined with traces of iron and earthy inclusions. 

Bentonite. Wyoming bentonite, which constitutes 
the other basic material, has an equilibrium moisture 
of approx. 8 per cent and, in addition, contains 
approx. 60 per cent silica, 20 per cent alumina, 7 per 
cent basic oxides and 5 per cent combined water.? 
Since bentonite is used at the rate of 6 per cent of the 
total mix, only 0.4 per cent basic oxides and 1.2 per 
cent alumina are introduced. Thus the addition of 
bentonite will only lower the melting point of the 
refractory by a small allowable amount. It has been 
found that the completed refractory has a softening 
point of 1605 C and fusion point of 1620 C. 

Grading. By carefully grading the crushed quartz 
a maximum bulk density with minimum voids can be 
produced. Cress found that a grading of 55 per cent 
— 3% + 30 mesh, 10 per cent — 28 + 70 mesh, and 35 
per cent — 70 mesh A.S.T.M. sieves gave this result. 

Dunbeck and Barlow’ found a grading of 50 per 
cent coarse material, 13 per cent — 20 + 70 mesh and 
37 per cent — 70 mesh was ideal for air-placed cupola 
refractories. These figures indicate that the propor- 
tion of medium grade should be kept lower than is 
normally obtained from crushing silica pebbles. 

To achieve the correct grading the following pro- 
cedure is used:— 

The crushed product which passes completely 
through a 3-in. sieve is termed 3%-in. quartz. 














The oversize material is recrushed, the 3-in. 
sieve replaced -by 1%-in. sieve, and the crushed 
and sieved product termed 14-in. quartz. 

A suitable mixture conforming to the above grad- 
ing is produced by mixing these two fractions 
with silica flour and bentonite in the following 
proportions: — 
50% 3%-in. quartz 
30% Yg-in. quartz 
14% silica flour 
6% bentonite 
The required grading is obtained either by crush- 
ing in a hammer mill or in a jaw crusher. The jaw 
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Fig. 1 — Graph illustrating method of adjustment of grading 
lining raw materials. 


crusher has been found less expensive but does not 
give as accurate grading. 

Grading analysis and physical properties of a 
typical mix are shown in Table 1. 


Tanie | — Proeerties OF REFRACTORY MIX 





Sieve Analysis 





A.S.T.M. Sieve % Retained 





+ 4 12 | 
+ 8 8 | 
+ 12 1g / 50 
+ 30 18 | 
+ 70 9 9 
+100 1) 
—100 404 41 


This grading includes 6 per cent bentonite. 





Phys.cal Properties 





FRR REE 1.98-1.99 g/cc 
PPGRTONE GIAVIEY 2 occ cccsccccsscccees 2.41-2.42 g/cc 
Cold crushing strength ................ 2593-6192 psi 
I II od gion ies easter ane 17.3-18.3% 





Adjustment of Grading. If for any reason the 
foregoing does not produce the correct grading a 
graphical method developed by the Foundry Sands 
Section of C.S.I.R.O.4 can be used to determine the 
proportions of the different raw materials. 

Assume that three grades of quartz and silica flour, 
denoted by 4, B and C, are available. These may be 
plotted on a triangular diagram in which the vertices 
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Fig. 2 — Details of converter. 


are +30 mesh, —30+-70 mesh and —70 mesh (Fig. 1). 
The point P represents the desired composition, 
viz., 55 per cent +30 mesh, 10 per cent —30-+-70 mesh 
and 35 per cent —70 mesh. Join the points A, B and 
C and construct the lines Apa, BPb and CPc. The 
proportion of A, B and C to produce P will then be 
as follows: 


%A =—-h2-x 100 
%B = —4P-x 100 
%C =-E—x 100 


For example, if the materials available have the fol- 
lowing grading:— 


3%-in. y-in. Silica 
Quartz (A) Quartz (B) Flour (C) 
°o % oO 
+30 mesh 96.4 49.7 0.6 
+70 mesh 1.4 24.6 4.6 
—70 mesh 22 25.7 94.8 
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Fig. 3— Former for converter nose. 
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T hen; 

% yin. = —F2- x 100 = =37- x 100 = 402% 

% Yin, = PR x 100 = 22 x 100 = 38.3% 

Silica flour = —F¢ x 100 = =i3- x 100 = 27.0% 


Six per cent of the silica flour will be replaced with 
bentonite giving a final mixture: 


+ %-in. Quartz ............. $e 6a bssecisednevoes 40% 
ee BN, PE aoc. sis andes cscnndssnsanseseee 33% 
EE is wins 6090004 hkn eaten sueevenauees4euee 21% 
INE oa ci ccccncrcccsccccccccctccsscescoees 6% 


The Converter 


Figure 2 shows a sketch of the converter. It has a 
capacity of 30 cwt. The bottom is constructed with 
two doors to facilitate knocking out. The nose is de- 
tachable, which makes it possible to ram the body in 
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Fig. 4— Former for converter body. 


a vertical position using a cylindrical former. The 
former for the nose and body are shown in Figs. 3 
and 4, while Fig. 5 shows the ramming of the nose. 

Special attention is drawn to the clamp used to 
fasten the nose to the body: this is spring loaded and 
allows the inevitable expansion to take place (Fig. 6) . 
Originally ordinary bolts were used to clamp the nose 
to the body, but the expansion caused the heads to 
fly off. 

It should be noted that one row of the original 
lining bricks is left in the converter (Fig. 7). This 
helps reduce the amount of lining material required, 
and also, it is thought, helps to cushion some of the 
expansion. The expansion problem is a very real one 
since the expansion caused the shell of the furnace 
in another foundry to crack badly. 


Lining Procedure 


Mixing is normally carried out in a 1500-lb heavy 
roller type sand mixer. The quartz and bentonite are 
mixed for about 3 min. The water is then added and 
the whole milled for a further 10 min. Water addition 
is about 6-7 per cent and should be as much as is pos- 
sible without causing the mixture to flow during 
ramming. 

Ramming. It is essential that the mixture be 
rammed to the maximum hardness. A “V” rammer is 
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attached to a standard pneumatic mold rammer. Only 
about 11,4-in. of loose material (which packs down to 
about 14-in.) is rammed at a time. This is most essen- 
tial as it ensures a hard packing which is one of the 
secrets of success with this type of lining. 

When both nose and body are rammed they are 
fastened together with spring-loaded bolts. Clamps 
are also placed around the flange with about 14-in. 
gap to allow for expansion before these take up 
(Fig. 6). 

Drying. It was originally thought that very slow 
drying was essential. However, it has been found that 





Fig. 5— Ramming nose section with pneumatic rammer. 


the following procedure is quick and effective. After 
ramming, a coke fire is built in the bottom of the fur- 
nace and left burning for about 12 hr. The furnace 
is then allowed to air dry until it is required. 

As two converters are available, one of which is in 
use while the other is being prepared, the air-drying 
period varies considerably depending on the condi- 
tion of the other vessel. Times have ranged from a 
few hours to about one month without noticeable 
effect on lining life. Six hours before the converter is 
to be used an oil burner is placed in the mouth and a 
vigorous flame applied, heating the inside to a bright 
red heat in this time. 

During the course of heating, steam can be seen 
coming out of the holes bored in the shell. Steam con- 
tinues to be emitted until about the third blow is 
completed. At this stage the nose will be observed to 
be pushed hard against the flange clamps. 

Patching. Our converter suffers from the usual 
fault that the bottom builds up, reducing the amount 
of metal which can be blown. This we feel is a fault 
peculiar to our practice of pouring directly into 100-Ib 
capacity hand shanks. This causes the slag metal in- 
terface to continually wash the bottom of the con- 














Fig. 6 — Provision for clamping nose to body. Clamps are 
spring loaded. 


verter while pouring. It has been found that the 
easiest way to overcome the build-up is to completely 
renew the bottom of the converter. This is done three 
times during the life of the converter and takes 1200 
lb of lining material. It therefore has an adverse affect 
on the lining efficiency. 

Apart from the bottom build-up, wear takes place 
above the tuyeres and on the nose-body joint opposite 
the tuyeres. The patching procedure consists of thor- 
oughly chipping the slag from the lining, painting 
with refractory cement and ramming the lining ma- 
terial with a flat pneumatic rammer until the orig- 
inal contour is restored. 

There is some difficulty with this procedure, since 
the patch has a tendency to flake off. It is thought 
that this may be due to the difference in expansion of 
the used lining and the new raw quartz patch, and 
that a patching material consisting of stabilized 
quartz, made from the crushing of either old silica 
bricks or old converter lining, would overcome this 
difficulty. At present only a few experiments on this 
basis have been tried, with little initial success. 


Performance 

The original firebrick linings gave a life of 14-16 
heats before extensive patching was required. Clay- 
bonded ganister then increased the lining life a fur- 
ther 10 to 12 heats before knocking out and re-lining. 
Since that time the refractory’ lining thickness has 
been reduced and the capacity of the furnace in- 
creased from one ton* to 3000 Ib. 

As no definite data are available as to the weight 
of refractory used on the original brick lining, a con- 
servative estimate of the lining used to produce 28 

*Throughout this paper “ton” refers to a long ton of 2240 Ib. 
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tons of liquid steel is 8400 lb. This gives a refractory 
usage of 300 Ib /ton. 

Early experiments consisted of applying a 2-in. 
cover of quartz lining onto the brick lining. This in- 
creased the life from 16 to 29 heats without patching. 
When the inner row of bricks was removed and a 414 
in. thick vertically rammed lining was installed the 
number of heats increased to 60. Further experiment- 
ation with grading and harder ramming have in- 
creased this to 350 heats, (the longest run) , which in- 
cluded a considerable amount of patching. A number 
of typical lining consumptions are shown in Table 2. 


TABLE ? — CONVERTER LINING CONSUMPTION 








Lining Material Lining 
No. (including Type of Consumption, 
Heats patching) , lb Lining 1b/ton of steel 
28 8400* brick $00 
29 4200* 2 -in. quartz 150 
60 8400* 414-in. quartz 130 
240 17920 414-in. quartzt 39 
354 19572 414-in. quartzt 40.5 
286 17934 414-in. quartzt 44.5 
158 16240 414-in. quartzt 69 
272 19208 414-in. quartzt 48.8 


* Estimates only. 
t Graded for maximum density. 





A typical campaign, the one immediately preceding 
the writing of this paper, is shown graphically in Fig. 
8. Each plotting point represents one day’s run. It 
should be explained that the three steep rises of 8, 
12 and 12 cwt of patching were used in replacing 
bottoms. These new bottoms accounted for 32 cwt of 
the 89 cwt of patching used. It can be also seen that a 
patch flaked off at the point A requiring another 6 
cwt of patching to replace the patch lost the previous 
day. During this campaign 272 heats were made, 
producing 393 tons of liquid steel. The total lining 
material used was 19,208 lb, a consumption of 48.8 
lb of lining /ton of liquid steel. 


3 Conclusion 

' The author has found that a rammed monolithic 
lining composed of bentonite and crushed quartz is 
vastly superior to a silica brick lining. However, a 





Fig. 7— Converter ready for placing lining with former in 
place. One row of original brick is left in place. 




















—— 


—}+-—_ 

















\ 








PATCHING, 









































Fig. 8 — Comparison of steel output with amount of patching 
“A” indicates point where patch flaked oft. 












word of warning should be given regarding the ex- 
pansion characteristics of raw quartz since this can 
cause damage to the vessel. Further care is required in 
grading and ramming, as indicated by the variation 
from 39 to 60 Ib of lining /ton of steel obtained in 
normal practice. We feel that if a patching material 
which would adhere better to the base material could 
be produced these results would be further improved. 
It would also appear that this type of refractory 
would be particularly suitable for the cupola. 
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A CRITICAL ANALYSIS OF THE CYLINDRICAL STANDARD 
TEST SPECIMEN FOR FOUNDRY SANDS 


By 


Walter Goetz* 


; ABSTRACT 


In the past, critical remarks both for and against the 
AFS cylindrical test specimen were made in European 
foundry publications. The writer reviews and checks 
these criticisms by testing a sand according to the AFS 
method. ‘ 

The pattern of permeability and strength curves, 
shown as a function of moisture content, are examined 
in detail against the pattern of the density curve ob- 
tained in such a test. Thereby, it became evident, that 
the pattern of permeability and strength curves is the 
result of a combined effect, i.e., of a simultaneous 
change of density and moisture content. If no attention 
is given to this fact, misleading conclusions can be 
drawn. which are in contradiction to the fundamental 
law existing between density and permeability or 
strength. 

The final solution for studying the individual influ- 
ence of moisture and density on permeability and 
strength was the representation of these properties in a 
ternary diagram. In this diagram, the influence of the 
volume of the air space, water and solid substance 
(sand + clay) in the compacted specimens can also be 
studied. Permeability and strength are now shown by 
curves representing constant property values. With the 
chosen representation it is possible to obtain new and 
more extensive information on the manner of how 
density, water content and air space volume influence 
permeability and strength. 

In such a diagram, the points indicating the com- 
pacted state of the test specimen, rammed with a 
constant number of blows at different moisture con- 


tents, were introduced, giving a section line through the 
constant strength and permeability curves. The pattern 
and position of this section line explains the pattern 
and the typical features of permeability and strength 
shown in relation of the moisture content. 

Further it illustrates the rather surprising fact, that 
these patterns are primarily a result of the compaction 
method and the specific conditions used in making a 
test specimen. This means that when permeability and 
strength are shown as functions of the moisture content, 
the particular values of these properties apply only for 
the specific conditions under which the test specimen is 
made. Therefore the property curves change their 
pattern for the same sand when these conditions are 
altered. 

Permeability and strength curves resulting from a 
test specimen should serve as a guide to the actual be- 
havior of the tested sand in the foundry mold. With 
this end in view, the relationship between the density 
of the test specimen and that of a mold was investigated 
using different types of sands. Although the resulting 
density values covered a wide range, they showed a 
strong correlation. 

Therefore the author feels justified to conclude that 
the alterations of strength and permeability induced by 
varying the moisture content are valid only for a mold 
if a sand is tested according to the AFS method. This 
is also true for the metric cylindrical test specimen 
(DIN) which is widely used in European foundries, 
because the compaction method in this specimen is 
identical to that of the AFS test specimen. 





1. Introduction 

The method for the manufacture of cylindrical test 
specimens for the determination of strength and per- 
meability of molding sands, standardized by the Ameri- 
can Foundrymen’s Society in 1924, has also been in 
use in the European countries for many years. In 
England, however, the method of compacting a cylin- 
drical test specimen (2-in.x 2-in.) by means of three 
2-in. falls of a 14-lb weight, was actually standardized 
as late as 1945.1 

In Germany, the first test results obtained with the 
American testing method were published by Prof. 
Aulich in 1928.2 In 1930, he undertook the manu- 
facture and sale of the sand testing apparatus. The 


*Plant Manager Malleable Foundry, George Fischer Limited, 
Schaffhausen, Switzerland. 


76 


dimensions of the test specimen, the ramming weight 
and height of fall were, thereby, adjusted to suit the 
metric system of weights and measures. In 1935, 
George Fischer Ltd., Schaffhausen, Switzerland, 
adopted from Aulich the manufacture and sale of 
the sand testing apparatus, which has found wide- 
spread application in European foundries. 

The final draft Standard, with regard to the method 
of compaction and the dimensions of the test speci- 
men, however, was issued in Germany in 1953.3 The 
reason for this late standardization can be found in 
the fact that in both England and Germany other 
methods of compaction were proposed and _ used. 
Therefore, for a long time doubts were expressed as 
to which method of compaction should be included 
in the final Standard specification. 

In England, it was the practice to determine the 
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roperties of the various sands by means of the cylin- 
irical test specimen, which was either squeezed to a 
onstant green density,+-> or to a constant dry density. 
‘or the latter method, which was suggested by 
8uchanan,®-7 the advantages, as compared with the 
\FS method, are that the true influence of the mois- 
ure content on the strength or permeability of the 
est specimen is clearly and unmistakably established. 

In the AFS test method, on the other hand, the 
legree of compaction is variable with an increasing 
noisture content, and for this reason, the effect of 
the moisture content on the sand properties cannot 
be clearly determined. This applies also when sands 
of variable grain size and those containing various 
types and quantities of clay are compared with each 
other. 

The reason for not making Prof. Aulich’s test speci- 
men the national Standard in Germany, was the test- 
ing method developed by Reitmeister in 1927.8-9 This 
method was based on a constant weight of | kg for 
the test specimen. The test specimen was compacted 
in a tube of 6 cm (inside) diameter by 500 jolts with 
an amplitude of 1 cm. With this method, the sand 
properties were, therefore, compared with a constant 
energy of compaction per gram of sand. Reitmeister 
claimed that with his method the properties of the 
various sands could be more truly compared with 
each other than possible with the AFS method, since 
in the latter test, due to variations of sand types, 
moisture and clay content, the weight of the test 
specimen is also variable. Therefore, the energy of 
compaction, although constant for a given test speci- 
men, is also variable per gram of sand. 

However, Reitmeister’s testing method showed con- 
siderable deficiencies, since the constant energy of 
compaction and a constant weight of the test speci- 
men, caused the length of the test specimen to vary, 
because of the different compaction characteristics of 
the various types of sands. Therefore, the strength of 
the sand can only be established by the determination 
of the shear strength. 

The chosen Standard compaction of 500 cm kg/kg 
of sand results in a test specimen of medium average 
density. By placing a weight on the sand for jolting, 
it is possible to obtain a higher degree of compaction. 
This method has the disadvantage, which Reitmeister 
himself explained,!® that the energy of compaction 
cannot be determined exactly. Therefore, one of the 
large advantages claimed in favor of this method, as 
compared with the AFS method, is lost. The com- 
paction of such a large column of sand by means of 
jolting results in a density which decreases from the 
bottom to the top of the test specimen.1!! 

It is obvious that the density of such a test specimen 
is an average of the various densities in the various 
layers of sand. The investigations by Buchanan? indi- 
cate, that even the much smaller AFS test specimen 
does not have a completely homogeneous density. It 
is certain, however, that the density will give a much 
truer indication of the degree of compaction than is 
possible with Reitmeister’s test specimen. Therefore, 
the AFS test specimen can claim that it gives a truer 
indication of the important relationship between the 
compaction and the properties affected by it. 
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It was not possible to reach an agreement for the 
first provisional German standard 1934/39,12 because 
of the respective merits of the two testing methods, 
therefore, both were included. However, the vast ma- 
jority of German foundries were using the metric 
AFS test specimen. A new effort for standardization 
was made in 1953, under the chairmanship of Prof. 
Dr. H. Jungbluth, Institut fiir mech. Technologie, 
Techn. Hochschule, Karlsruhe, and this time the AFS 
test specimen, adjusted to the metric system, was pro- 
visionally accepted as the new DIN sand testing 
Standard.* 

Of the above-mentioned compaction methods, which 
vary from the AFS method, certain differences have 
been established in the relationship between permea- 
bility, strength and moisture content, which are of 
importance to the foundryman. With respect to the 
effect of increasing moisture contents on the permea- 
bility, certain theories have in addition been deducted, 
which take into consideration a possible reduction of 
the air space in compacted sands due to the water 
additions. 

With respect to the different arguments submitted 
both for and against the accuracy of the cylindrical 
AFS and DIN specimen, it is of importance to re- 
member that in some of the above testing methods 
the density curve runs quite differently with increas- 
ing moisture contents, than is the case with the AFS 
and DIN test specimens. 

Every method of compaction used for the test speci- 
mens appears to possess certain characteristics which 
have an influence on the important relationships be- 
tween moisture content, permeability and strength. In 
other words, every method of compaction used for the 
test specimen results in a different density curve for 
the various moisture contents. 

It is obvious, therefore, that it is essential to have a 
knowledge of the applied compaction method used 
on the test specimen, otherwise the apparent proper- 
ties obtained can be quite contradictory for the same 
sand. 

It is the purpose of the following deliberations to 
discuss the inaccuracies mentioned above. In all in- 
vestigations the sand testing equipment of George 
Fischer Ltd., Schaffhausen, Switzerland, was used. The 
small differences resulting from the adjustment of the 


TABLE | 
Comparison of dimensions and methods for obtaining sand 
test specimens according to DIN, AFS and BS. (DIN 52401, 
American Foundrymen’s Society Standard and British 








Standard). 
DIN AFS 
+GF+ BS 
Diameter of cylindrical test specimen, mm 50.0 50.8 
Height of cylindrical test specimen, mm 50.0 50.8 
Maximum tolerance of height, = mm 0.3 0.8 
Ramming weight, grams 6666 6350 
Weight of plunger assembly without 
ramming weight, grams 1500 1588 
Drop of ramming weight, mm 50.0 50.8 
Standard number of ramming blows b] 3 
Volume of cylindrical test specimen, cc 98.2 102.9 
Ramming work with 3 blows, cm-kg 100 96.78 
Ramming work per cubic centimeter, mera | 1.02 0.944 


cc 
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AFS test specimen to the metric system can be seen 
in Table 1. The slightly smaller volume and slightly 
higher ramming energy results in a DIN test specimen 
having a somewhat higher density than the AFS test 
specimen. Carefully executed experiments with both 
the AFS and DIN method on various sand types 
showed on the average that in the AFS test the green 
density was 0.63 per cent lower, strength 4.15 per cent 
lower, and permeability 5.4 per cent higher than in 
the DIN test.1% 

The typical characteristics of the AFS cylindrical 
test specimen, i.e., the varying density and the specific 
compaction energy per gram of sand, plus the fact 
that the sample weight is influenced by the moisture 
and clay content for the same sand, are equally valid 
for the DIN test specimen. This applies also to sands 
with variable characteristics causing the necessity to 
determine the required weight of sand for the test 
specimen by preliminary trials. The test results for 
both test specimens show the same relationship be- 
tween the various sand properties and are, therefore, 
comparable in every respect. In other words, for all 
practical purposes, both testing methods are identical. 


2. Testing of sand properties with the cylindrical 
AFS/DIN test specimen and the graphic illustra- 
tion of results 


The strength and permeability of molding sands 
are dependent on the grain size, type and quantity of 
the clay, moisture content and, to a considerable ex- 
tent, also on the degree of compaction of the test 
specimen. : 

In the simplest type of test, a sand sample with a 
temper water content is compacted by three rams of 
the ramming weight (Standard compaction). Since 
molds and cores are usually not evenly compacted 
throughout, and the moisture content of the molding 
sand in the foundry is variable within certain limits, 
it is of interest to test the sand with fewer, as well as 
more than 3 rams under conditions of a constant 
moisture content. Of further interest are the results 
obtainable with a variable moisture content. 

The different test grades, which can be applied, are 
shown in Table 2. Whereas the information obtained 
from test Grade I is limited, the data obtained from 
the others is more comprehensive with each subse- 
quent test grade. 





TABLE 2 
Test Moisture 
Grade Compaction Content Results 





1 Standard Temper One test value only of Y,, 9%, P. 
(3 rammer Water 
blows) 
II Standard Variable Several test values of Y,, 9%, P, 
(3 rammer as functions of moisture content. 
blows) 
Ill Variable Temper Several test values of 9, P, as 


Water functions of degree of compac- 
tion (Y,). 

Variable Several test values of Y_>% P, 
as functions of moisture content 
and degree of compaction. 


number of 
rammer blows 
IV Variable 
number of 
rammer blows 
Key: Y,=Green Density 
®=Compressive strength 
P = Permeability 








EVALUATION OF CYLINDRICAL STANDARD TEST SPECIMEN FOR FOUNDRY SANDS 














gth 


ressive Strength 


ressive Stren 
(uomed 
Permeability ~--~-) 


Permeability (---—) 


Comp 


Comp 








y 
J 








Green Densit 








Green Densit 












































sa 
> 
a a 
= c 
£ a 
A c 
: § 
S 
Compressive Strength 





Permeability (----) 


Fig. 1 —Information derived from test grades II-IV of 
Table 2. 


The graphs in Fig. 1 show the test results of the 
four test grades. Diagram 2 indicates the well-known 
relationship between strength, permeability and green 
density with the moisture content (Standard com- 
paction of test process). Points a, b and c correspond 
to the small number of values of the most simple 
test (Test Grade I, Table 2). Diagram 3 shows the 
relationship of strength and permeability to density. 
The test specimens having a temper moisture content 
were compacted with a varying number of rams. Dia- 
grams 4a and 4b show the results of the Test Grade IV, 
i.e., the effect of varying moisture contents and vary- 
ing degrees of compaction. Each curve in Diagram 4a 
corresponds to a definite constant degree of compac- 
tion, and each curve in Diagram 4b corresponds to a 
definite constant moisture content. 


3. Basic law governing influence of the degree of 
compaction on strength and permeability 


Diagrams 2 to 4b in Fig. 1 indicate in an increas- 
ingly comprehensive manner the important influences 
of density and moisture content on the strength and 
permeability of the AFS sand specimen. These rela- 
tionships are particularly obvious in Diagrams 3 and 
4b, since increasing density decreases the permeability, 
because of the decreasing size of the pores between 
the sand grains. The strength increases, because of 
the more homogeneous compaction and due to the 
stronger clay coating around the sand grains. This’ 
basic law was established in America, as early as 1924, 
by Hansen1!4 in a remarkable investigation for that 
time, and in Germany, by Rodehiiser!5 in 1928. 
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4 Information derived from the Standard compacted 
AFS/DIN test specimen regarding influence of 
moisture content on permeability and strength of 
clay-bonded molding sands 


For the usage of molding sand, particularly the 
.y-bonded types, the moisture content plays a highly 
cisive role. With a certain moisture content, the 
called temper water, the molding sands have the 
st molding consistency and, therefore, the aim of 
ne foundry is to maintain the moisture content within 
estricted limits. However, since variations in actual 
practice do occur both below and above the temper 
water for a number of reasons, the influence of the 
moisture content on the permeability and strength 
has been examined in numerous investigations, and 
the results have been published in various technical 
journals. 

The extent to which the basic law regarding the 
effect of the degree of compaction on the strength 
and permeability is maintained by the moisture con- 
tent, is shown in an actual test example (Fig. 2), 
similar in pattern to Diagram 2, Fig. 1. A typical 
characteristic of the test (Diagram 1, Fig. 2) is, that 
with an increasing moisture content, strength and 
permeability, both rise to a maximum value: then 
decline again. The rising section of the strength 
curve, however, is sometimes only visible when the 
moisture contents are very low. Another feature is 
that often, but not always as pronounced as shown in 
Fig. 2, the moisture content is higher at the maximum 
permeability than at the maximum strength. 

Grim! found that certain relations exist between 
the clay mineral and the respective positions of the 
strength and permeability maxima. H. Nipper and 
E. Piwowarsky!7 have shown cases where the maxi- 
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mum permeability was obtained with a lower moisture 
content, than with the maximum strength. 

Diagram 2, Fig. 2 shows only the strength curve. 
The rise to the maximum value, and the subsequent 
decline can be explained by the fact that the bonding 
power of the clay increases with a rising moisture 
content up to an optimum value, only to fall again 
when the moisture content exceeds this optimum 
point.16 

However, with an increasing moisture content, the 
degree of compaction or the density will change as 
shown in the lower diagram. The strength curve, 
drawn as a function of the moisture content, there- 
fore, must be looked upon as being a function of 
both the moisture content and the actual density. If 
we study the strength curve in the light of both these 
influences, a certain inconsistency regarding the effect 
of the clay, previously explained, will draw our at- 
tention. It appears that the increasing and decreasing 
sections of the density curve seem to have no in- 
fluence on the strength curve. In the moisture range 
from b-c, the strength falls with a decreasing density. 
This appears reasonable. However, between points a 
and b, the strength increases with a declining density, 
and between points c and d the strength falls with an 
increasing density. 

A more definite relationship appears to be ob- 
tained between the density and the permeability in 
Diagram 3, curve a-b-c. The gradient of the per- 
meability curve is inverse to that of the density. The 
additional thin curve drawn in Diagram 3 shows the 
relationship under a higher degree of compaction 
(5 rams). It is evident here that there is a certain 
contradiction in the curve section from d-e, since, in 
spite of a slightly increasing density, the permeability 
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Fig. 2—-Green compressive strength, green permeability, and green density of Standard test specimens shown in relation to 


moisture content (Rosenthal molding sand). 
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Fig. 2+4,and Fig.4 Line @): 
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Fig. 3 — Green permeability and density shown in relation to moisture content: 


Diagrams 2 to 4 and curves (b) in diagram 1: compacted and 


tested according to Reitmeister’s method. 


increases. The rest of the curve, however, is in con- 
formity with the basic law. 

In both Diagrams 2 and 3, it is difficult to clearly 
distinguish the influence of the changing density from 
the influence of the increasing moisture content. It 
seems logical to assume that in increasing the mois- 
ture content, the air spaces between the sand grains 
are increasingly being filled up with water. There- 
fore, the permeability in the moisture range b-c of the 
heavy line (Diagram 3, Fig. 2), and to the right of 
point e of the thin line, could be explained. On the 
other hand, the suggested effect of the increasing 
moisture content is doubtful if we study the thinly 
drawn density and permeability curves in the moisture 
range from d-e, where regardless of the increasing 
green density, and an increasing amount of moisture 
in the sand, the permeability still rises. 

These observations illustrate the fact, that in the 
density, permeability and strength curves of the AFS 
test specimens, drawn in relation to the moisture con- 
tent, certain moisture ranges may occur for which the 
basic law (see Diagram 3, Fig. 1) does not seem to 
be valid. The main reason for this is that in such 
graphs, strength and permeability are not only in- 
fluenced by the moisture content, but also by the 
simultaneous variation of density at the diverse mois- 


Diagram 1, curves (a): compressed and tested according to 
DIN (AFS). 


ture contents. The difficulties of clearly establishing 
the influence of the moisture content and density of 
the AFS and DIN cylindrical test specimens on the 
strength and particularly, on the permeability, ex- 
plain why other methods of compaction were pro- 
posed for the test specimen by some investigators. 


5. Contradictory views regarding influence of mois- 
ture content on permeability and strength 


In German foundry literature, mainly Reitmei- 
ster10,18,19 has published investigations regarding 
the interdependency of permeability and compaction 
for increasing moisture content. Figure 3 shows a 
number of his investigations. He calculated the per- 
meability of his test specimen by measuring the time 
required for passing 40 liters of air through his test 
specimen. This was obtained from a pressure vessel. 
The air pressure was 0.5 atm. at the beginning and 
0.1 atm. at the end of the test. The strength was de- 
termined by shearing off disk-like sections of the 
sand from the test specimen. 

In his early experiments this investigator judged 
the relationship between permeability and density ac- 
cording to the repeatedly mentioned basic law, i.e., 
with a constant moisture content the permeability 
runs inversely to the density. In addition, he was 
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guiied by the hypothesis that with an increasing mois- 
ture content, the air spaces between the sand grains 
arc increasingly being filled with water, consequently 
permeability must decline. 

in 1939, Reitmeister!® published permeability and 
density diagrams of test specimens with increasing 
moisture contents, compacted and tested by his own 
method (b), and also by the provisional DIN Stand- 
ard (AFS) (a) (Diagram 1, Fig. 3). Both methods 
proved that with an increasing moisture content, the 
green density increases. While in his testing method 
(b), the permeability was continually falling with an 
increasing moisture content, it was found that with 
the DIN (AFS) test specimen (a), the permeability 
increased in a moisture range from 6-9 per cent, after 
which it receded. Due to the rising sections of the 
permeability curve (from 6-9 per cent moisture) , 
which was obtained despite increasing density, Rei- 
meister deducted that the DIN, respectively the AFS 
method of testing, was unsuitable, since it was con- 
tradictory to the basic law. 

However, in Reitmeister’s earlier works in 1931 
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Fig. 4—- Comparison of permeability and density shown in 
relation to moisture content of AFS and BCIRA testing 
method. (Dearden, Foundry Trade Journal, 3.6.37, Table 3.) 
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Fig. 5— Comparison of permeability, strength and density 

shown in relation to moisture content of AFS and Buchanan's 

testing method. (Buchanan, Foundry Trade Journal, 14.3.40, 
Figs. 1, 9, 10.) 


and 1927,18.8 similar contradictory relationships are 
evident. In the horizontal bars of diagrams 2, 3,18 
and 4,8 Fig. 3, the upper shaded area indicates the 
moisture range in which the permeability increases 
in spite of an increasing green density. 

In 1950, Reitmeister!® renewed his studies of this 
problem. However, he now showed by way of ex- 
ample, that with an increasing moisture content, the 
permeability is clearly related to the dry density, since 
in these examples the permeability curve runs in- 
versely to the dry density curve. In the lower diagrams 
of Fig. 3, the dry density has also been drawn (dotted 
line). But even here, certain contradictions with his 
new assumptions are noticeable. For instance, this is 
the case for the sand in Diagrams 2 and 4, Fig. 3, 
within a moisture range from 6-8 per cent (lower 
shaded area). 

Actually, if we look at the dotted curve (a) of the 
Diagram 1, Fig. 3, for the DIN (AFS) test specimen, 
we can see that in the range of increasing permea- 
bility, the dry density falls slightly. This would more 
or less agree with Reitmeister’s theories. On the other 
hand, the permeability of his own test specimen falls 
now in a moisture range from 5-10 per cent, although 
the dry density is practically constant. This, of course, 
is contradictory to his own views. 

On the basis of Reitmeister’s investigations, we can, 
therefore, say that in the case of an increasing mois- 
ture content, the permeability can rise or fall if the 
green, as well as the dry density is increasing. 

In connection with Reitmeister’s criticism of the 
DIN (AFS) specimen, the observation made by 
Dearden* is interesting. For an increasing moisture 
content, this investigator compared the permeability 
of the AFS test specimen with others which were 
compacted by squeezing to a constant green density 
(old BCIRA method) . These results are shown in the 
diagrams of Fig. 4. Whereas, AFS test specimens have, 
with an increasing moisture content and an increasing 
green density, a declining permeability, the BCIRA 
test specimens show an increasing permeability with 
a constant density. 
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In principle, Dearden discusses both compaction 
methods in accordance to Reitmeister’s theories, and 
is of the opinion that the gradient of the permeability 
curve must be inverse to that of density curve. This 
certainly applies in this case to the AFS (DIN) speci- 
men. Though in complete agreement with Reitmei- 
ster, in principle, Dearden’s conclusions are entirely 
reverse. His opinion is that the compaction method 
of the AFS (or DIN) test is the correct one, because 
only this method complies with the basic law regard- 
ing density and permeability. 

A third example is shown in Fig. 5, which is based 
on Buchanan’s?°.7 research work. This graph shows 
the strength and permeability of the test specimens 
in relation to the moisture content when compacted 
by the AFS (DIN) method (A) and also by squeezing 
the specimens to a constant dry density (B). Diagram 
1 shows the strength curves for the two compaction 
methods. In principle, the difference in strength of 
the two specimens is merely a result of the different 
compaction intensities used. 

Of importance for our consideration is the dif- 
ference in the characteristic: of the strength curve. 
The differences in permeability can be seen in Dia- 
gram 2. Whereas, the permeability of the AFS (DIN) 
specimens falls continually with a rising moisture 
content, that of the specimens compacted to a con- 
stant dry density (Buchanan’s method), is surpris- 
ingly unaffected by the moisture content. 

Compaction to a constant dry density means, in 
effect, that the dry weight of sand and clay in the test 
specimen has to be maintained at a constant level. 
The moisture content is, therefore, the only variable 
factor, and for this reason, we can clearly establish 
its true effect on the sand properties. Therein lies, of 
course, a substantial difference in the comparison 
with the AFS (DIN) compaction method. Because 
of the changeable density induced by variable mois- 
ture content, the true influence of the moisture con- 
tent is often hidden in the AFS (DIN) method. 
Buchanan has drawn attention to this fact in all his 
publications. 

Although he does not consider the AFS (DIN) 
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Fig. 6— Green permeability and green strength shown in 
relation to green density for different moisture contents 
(Rosenthal molding sand). 


compaction method as being entirely correct for d - 
termination of the true influence of moisture conten , 
he does not condemn it, because the inter-relatior s 
between permeability or strength with the density, 
are in contradiction to an accepted hypothesis. 

As previously mentioned, Reitmeister proved in h's 
1950 publications that permeability runs inversely ¢» 
dry density. On this basis, it is logical to assume 
although Reitmeister has not actually stated such- 
that with a constant dry density, also the permeability 
will remain constant. His views, therefore, are in lin¢ 
with those expressed by Buchanan in 1938 and 1940. 

The fundamental idea of these studies had already 
been recognized by the writer in 1939. Due to the 
strong criticism of the AFS test specimen by Reit- 
meister,1° as well as the views expressed by Buchanan, 
the writer was encouraged in his work and reached 
the same conclusions at that time, which were, sub- 
sequently, proved to be correct for the greatest part, 
as judged by unbiased investigators.?1 


Consequently, we can conclude from all these afore- 
mentioned examples, that the conditions under which 
the sand specimen has been compacted, play a de- 
cisive factor on the shape of the permeability and 
strength curves, provided they are drawn in relation 
to the moisture content. This is true, because the 
density, which affects both properties, differs with 
every compaction method for the various moisture 
contents. 


6. Information derived from permeability and 
strength curves drawn as a function of density 


The apparently illogical relation of density to 
strength or permeability, evident, when shown as a 
function of the moisture content, can be more clearly 
explained, if the strength and permeability curves 
are drawn directly as a function of the density. Ac- 
cording to Test Grade IV, Table 2, the specimens to 
be tested are compacted with an increasing number 
of rams. This is repeated with different moisture con- 
tents. The test results are plotted as shown in Diagram 
4b, Fig. 1. In Fig. 6, test results of this more com- 
prehensive type of investigation can be seen. Actually, 
the same clay-bonded sand was used as in the diagrams 
of Fig. 2. Figure 6 demonstrates clearly that by this 
method of testing and representation, the basic law is 
fulfilled without exception for all moisture contents, 
i.e., with an increasing density the permeability drops 
and the strength increases. 

For the relationship of permeability and strength 
to density, when shown as a function of the moisture 
content, the relative position of the curves in Fig. 6 
is of particular significance. It is evident that in some 
moisture ranges the permeability curves are wholly 
or partially merging, or that the curve of a higher 
moisture content lies immediately over the curve of 
the next lower moisture content (Diagram 1). Also 
the strength curves for the next higher moisture con- 
tent in Diagram 2, Fig. 6 are, in some cases higher, 
and in others, lower than that of the next lower 
moisture content (moisture range 6-9 per cent and 
3-6 per cent, respectively) . 

The different relative positions of the permeability 
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curves drawn as a function of the density are shown 
diagrammatically in Fig. 7a and 7b. The heavy curve 
(F,) corresponds to a certain moisture content, while 
the thin curve represents moisture F,, which is higher 
than F,. 

We have seen previously in Fig. 2 that a change of 
the moisture content may also influence density. By 
means of the diagrams in Fig. 7, we can now examine 
the change of permeability resulting from an increase 
of moisture content from F, to F,, with the density 
varying at the same time. 

The starting point for all these studies is a sand 
specimen having a moisture content F,, density y¢, 
and a permeability of P,. The diagram in Fig. 7a 
illustrates the case where the curve for the higher 
moisture content F, merges exactly with that of mois- 
ture content F,. With the change of moisture content 
from F, to F,, the density may increase or decrease, 
and, consequently, permeability changes inversely to 
the density. If permeability were drawn as a function 
of the moisture content, for the moisture range F, 
to F,, it would change exactly in accordance with the 
basic law, e.g., moisture range a-b, b-c, respectively 
(Diagram 3, Fig. 2). 

Figure 7b is based on the assumption that for the 


83 


higher moisture content F,, the curve is above that of 
moisture content F,. 

If we assume that in altering the moisture content 
from F, to F, the density diminishes, then the per- 
meability will increase and if density increases be- 
yond yr;, permeability will drop. However, if density 
remains unaffected by moisture content F,, or if it 
increases only between y;, and y-;, permeability will 
increase, e.g., moisture range d-e, (Diagram 3, Fig. 2). 
The basic law with regard to the relation of density 
to permeability is, therefore, maintained only if den- 
sity either increases beyond yr; or decreases below y¢. 

The relationship between density and strength is 
indicated in a similar manner in the curves of Fig. 
8a-c. Note again that curve F, represents the lower 
moisture content, while the sand specimen has a den- 
sity ye. and strength S,. As in the previous study, 
let us again assume that the density also changes with 
the alteration of moisture content from F, to F,. 

The same remarks apply to Fig. 8a as in Fig 7a, i.e., 
in accordance with the basic law, any change of density 
will result in a corresponding change of strength. If, 
in contrast, curve F, representing the new moisture 
content, runs above or below curve F,, the shaded 
area of the diagrams again indicates the limiting den- 
sity values, within which the basic law, with respect 
to the relationship of density and strength, does not 
apply. 

We can see in Fig. 8b, that if the density increases 
between ys, and ys; upon changing the moisture 
content from F, to F,, the strength will drop. For 
Fig. 8c, it is clear, that if the density drops between 
this density range, the strength will increase. These 
two cases can be compared with Diagram 2, Fig. 2, 
wherein the curve section c-d refers to the first case, 
and a-b to the second. 

In addition, if we study the diagrams of Fig. 7b, 8b 
and 8c, it is obvious that cases are possible where 
upon increase of moisture content from F, to F,, no 
alteration of permeability or strength will result, al- 
though density may increase or decrease. This is true 
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when the density changes precisely from yo to yr1- 
If these special cases are shown in relation to the mois- 
ture content (Fig. 2), then in the moisture range 
from F, to F,, the permeability or strength curve 
will run exactly parallel to the abscissa. 


Furthermore, if the density does not change with 
the higher moisture content F,, special cases are pos- 
sible where, despite this, strength and permeability 
will either increase or decrease. 

Consequently, the inter-dependency of density, per- 
meability and strength curves, drawn as a function of 
the moisture content, depend for a selected moisture 
range (from F, to F,) so far on two conditions, which 
under certain combinations, can suggest an apparently 
illogical relationship between density and the other 
properties. One of these conditions concerns the mag- 
nitude and pattern (rising and falling) of the al- 
teration of density resulting from a change of moisture 
content from F, to F,. The other condition refers 
to the permeability and strength curves drawn for 
various moisture contents in relation to the density 
(Fig. 6), and depends on whether the curve for a 
higher moisture content will be higher or lower, or 
even merge with that of the lower moisture content. 

In view of the above, there can be no doubt, that 
the basic law of Hansen and Rodehiiser is valid in 
every respect, provided permeability or strength and 
density are tested for a constant moisture content. 
However, if these properties are shown as a function 
of varying moisture contents, the inter-relations will 
not necessarily conform to the basic law. 

Graphs analogous to Fig. 6 can also be utilized to 
illustrate the individual influence of moisture content 
and density. This is achieved by plotting in another 
graph curves of constant strength or permeability 
values as a function of the moisture content and den- 
sity. These values are obtained by the intersection of 
vertical lines drawn through the various moisture 
curves in the diagrams of Fig. 6. 

By replacing the density scale with one showing the 
number of rams used for the compaction of the test 
specimen, Gardener?? has published such curves rep- 
resenting constant properties. 


7. Representation in ternary diagrams of effect of 
moisture and density on permeability and strength 
In order to study the influence of moisture content 

on permeability, the possible affect due to reduced air 
spaces caused by increasing moisture, must be consid- 
ered. Furthermore it must be mentioned, that green 
density is not a true measurement of the degree of 
compaction of the sand grains. We are only certain of 
one fact: the air spaces will diminish with increasing 
density. 

A change of green density is possible, on one hand, 
solely by introducing water into the air spaces— 
without any alteration in the degree of compaction 
taking place. On the other hand, it can also be altered 
simultaneously by both these influences. 

For this reason the writer has selected a graphic 
method of presentation, in which strength and per- 
meability can not only be shown as a function of 
green density and moisture content, but also as a 
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function of the volume taken up by each: sand and 
clay, water and air spaces. 

If we define the degree of compaction of the sind 
according to Rodehiiser’s!® conception, i.e., by he 
volume which each of the three components iir 
space, water and solid matter) take up in a vnit 
volume of compacted sand, and express their volu ne 
in per cent; then these percentages will total 100 per 
cent for each degree of compaction. Due to this fact, 
it is possible to show the degree of compaction, thus 
defined, in a ternary diagram. Following Prof. 
Hafeli’s?1 suggestion, a second diagram having lines 
representing constant moisture content (weight ©) 
and constant green densities, which intersect the line 
of volumetric percentages, can be superimposed on 
such a ternary diagram of volumetric percentages. 

Since it is necessary to determine moisture percent- 
ages by weight, as well as the density for every com- 
pacted sand specimen—in order to clearly define the 
measured permeability and strength—the volumetric 
compaction characteristics pertaining to these values 
can, consequently, be determined by means of the 
superimposed graph. Figure 9 shows, in principle, the 
layout of such a ternary diagram. The shaded area 
roughly indicates the practical moisture and density 
range of molding sands. This small area must, of 
course, be drawn to a larger scale for practical use. 

The constant moisture lines (weight %) radiating 
from the air spaces (pores) corner to the opposite 
side, are shown in Fig. 9 (lines a and a’). It can be 
observed in Fig. 10, that the length of lines F, and 
W,, Fo. and We, Fs; and Ws, intersecting at points 
D, E, and F on the moisture line, are always of the 
same ratio to each other. The lengths of these lines 
represent the volume per cent of the solid matter 
(sand ++ clay) and moisture contents; F,, Fy, F; and 
W,, We, Ws, respectively. Consequently, all points 
on the radiating line correspond to equal volume 
ratios and, therefore, also to equal weight proportions 
of sand and water. 

Che correct position of the radiating lines, having 
known moisture content, is determined by their in- 
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Fig. 9 — Lay-out of ternary diagram. 
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Fig. 10 


tersection (D) on the base line (solid matter/water) . 
This point of intersection specifies the mixture of 
solid matter and water, having X per cent water and 
(100 — X per cent) sand +- clay (volume per cent) . 

For determination of the point of intersection (D), 
we must visualize a specimen with a volume of 100 cc, 
which consists of a completely non-porous packing of 
sand grains and clay having a specific gravity yp. The 
weight of this specimen is 100 yp. Now let us assume 
that I cc (1 volume per cent) of solid substance is 
replaced by an equal volume of water of specific 
gravity y», the volume of 100 cc will remain un- 
affected. The weight, however, will be reduced by the 
difference of the two specific gravities yr — yw. Since 
water has a specific gravity y,~=1, the weight, in 
effect, will be reduced by yy — 1. If we replace X cc of 
solid substance by an equal volume of water (X vol- 
ume per cent), the resulting weight of the assumed 
specimen will be 100+y-.;—X (yr—1). The weight 
percentage R of the water will then amount to 

100-X 
100 - yy — X Gr—!) 

For a known value of R, the volumetric moisture 
percentage measured on the base line (sand/water) 
in the ternary diagram, consequently, can be calcu- 
lated with the formula 





2 = 


100 R ° YF 
100--R Gr—!) 

The direction and position of the constant green 
density lines, running from the base line, solid matter 
pores, (lines b and b! in Fig. 9) result from the fol- 
lowing consideration. If we start with a certain degree 
of compaction having a green density y, (Fig. 11), 
characterized by the volumetric percentages of water 
W,, pores P,, and sand F,, and increase the water 
volume from W, to (W,-+-1 volume per cent), we 
must reduce the weight of the solid substance (sand 
+ clay) with a specific gravity yr, by one which is 
equivalent to that of the additional water, in order to 
maintain a constant green density. This corresponds 
to a reduction of the solid volume per each per cent 
of additional water of 1/y~ volume per cent. 





X (volume % water) = 
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If the solid substance were to have the same specific 
gravity as water, the dry sand volume F, would also 
decrease by 1 yolume per cent for each additional 
volume per cent of water. With an increasing water 
content, the lines of constant green density would run 
from A, to B,, and to Bo, etc. (Fig. 11), i.e., the con- 
stant density line would in this case be parallel to the 
lines indicating a constant volume per cent of the 
pores. 

On the other hand, if the solid component were to 
have a specific gravity yp = 2, then every additional 
volume per cent of water would result in a reduction 
of the solid substance by 0.5 volume per cent. In that 
case, the constant green density lines would appear 
as verticals on the water volume per cent line (W, — 
W, in the ternary diagram) starting trom A, through 
C,, Cy, Cz, etc. (Fig. 11). Further, if we assume, that 
the specific gravity of the solid substance is exactly 
yr = 2.5, which is in the region of the actual specific 
gravity of sand -+-clay, then every additional volume 
per cent of water would result in a reduction of 0.25 
volume per cent of the solid substance, and the con- 
stant green density lines would run from A, through 
D,, De, Ds, ete. 

For the specific gravities of the solid substance ex- 
ceeding 2.0, it follows (Fig. 11): 

In the equilateral unit triangle A,EB,, the height 
A.C, = H = 1 (volume %), and half the base 


EC, = 7 . According to the previous consid- 


eration, the reduction of the volume of the solid 
substance having a specific gravity yp is propor- 
tional to ED,, in other words, 








EB, 2 
ED, = = 
YF V3. ye 
consequently, D,C, is also known, and therefore, 
D,C, yr —2 
ge = ier: 
] V3 . ye 


Based on the above deliberations, the angle a of 


yo WF 9 























86 


Fig. 12— Layout of usable 
section of ternary diagram 
(shaded area of Fig. 9). 


Fig. 11 equals 8° 4’ for an average 
specific gravity of 2.65 of clay- 
bonded molding sands. The cor- 
rect positioning of these lines can 
easily be fixed on the base line 
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(sand/pores). Since both sand and 5 
clay are shown there without water, i 
the point of intersection for a fixed e - 
green density y, is given by 2 é 
-Y x 100 volume per cent : $ 
solid ‘matter (sand + clay) g 
4 ~~ 
Parallel with the net lines repre- | 2 
senting constant volume per cent = 
of the solid matter, lines showing 
constant dry density can also be 
drawn. The latter will give a truer 
indication of the alterations of the 
degree of compaction than the con- 
stant green density lines. 
Figure 12 shows the shaded area 
of Fig. 9 on a larger scale. This diagram was used for and solid matter (sand -+- clay) have been calculated 
the actual investigations. and are shown in Table 3. By means of these figures, 
Four degrees of compaction, indicated by points the accuracy of the two superimposed ternary dia- 
a,b,c and d in Diagram 12, are fixed by the green grams can be checked. For the determination of these 
density and moisture content. The corresponding vol- diagrams, a specific gravity of 2.65 has been assumed 
ume per cent of the three components: water, pores for the solid matter. 
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Fig. 13b (Above) — Green strength shown in 
relation to density for different moisture con- 
tents (Rosenthal sand). 


Fig. 13a (Lett)— Pattern of the constant 
strength curves in the ternary diagram (Rosen- 
thal sand). Values obtained from Fig. 13b. 
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TABLE 3 





A compacted sand specimen of 100 cc 
contains: 





Green Mois-__— 
Point Den- ture Weight (g) Volume cc or % 
i sity, Weight, Sand+ Sand + 


Fig.12 g/em? % Water Clay Water Clay Pores Total 








- 2 1.4 3 4.2 135.8 4.2 51.3 44.5 100 
is 4 ee 1440 60 543 39.7 100 
Ss & sa 152.0 80 57.4 34.6 100 

iy ¥ ms 158.1 11.9 59.7 28.4 100 





Figure 13a shows the pattern of the constant 
strength curves in such a ternary diagram. The ap- 
propriate values of moisture and density for these 
curves were taken from Fig. 13b (another reproduc- 
tion of Diagram 2, Fig. 6), and transposed into the 
diagram by using the superimposed dotted lines rep- 
resenting constant green density and weight per cent 
of water. 

The points of intersection used for the determina- 
tion of density and moisture content are marked, e.g., 
in Fig. 13b, with a-f on the various moisture curves 
for a constant compressive strength of 1100 g/cm? 
(15.6 psi) and then transposed to the appropriate 
position in the ternary diagram, Fig. 13a (points a- e) . 

The pattern of these curves representing constant 
compressive strength is typical for many sands. Start- 
ing from the lower moisture contents, the curves run 
first to the right, in the direction of lower green 
densities up to a moisture content of approximately 
6.5 per cent, characteristic for a wide range of strength. 
Upon further increase of moisture content, the curves 
turn to the left and run in the direction of the higher 
densities. 

At the optimum moisture content, having the low- 
est density, the bonding properties of the clay must 
be assumed to be the highest. At lower and higher 
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water contents, the clay is too dry or too wet, and the 
sand specimen in both cases needs a higher degree of 
compaction in order to maintain a constant strength. 
The water content at the lowest density of the con- 
stant strength curves is also evident in loosely sieved 
sands, which show, too, the lowest density at this 
moisture content.11,21 

Figure 14a illustrates the constant permeability 
curves in a similar diagram. By way of example: 
points a-e, necessary to draw the curve for a per- 
meability value of 60, are marked in the diagram. 
These points were obtained analogous to those de- 
scribed previously for strength curves, i.e., by taking 
the appropriate values from Fig. 14b, which is based 
on Diagram 1, Fig. 6. 

A characteristic of the constant permeability curves’ 
pattern, in contrast to the strength curves, is that 
they are not related to an optimum moisture content 
within a wide range of moisture and density. They 
are quite diverse from the permeability curves in 
Fig. 2. The only noticeable typical feature is that, 
with increasing water content, the curves pass through 
compacted states, having an ever decreasing volume 
per cent of pores. 

In the curve representing a constant permeability 
of 60, the pore volume drops, e.g., from 40.5 per cent 
with 3 per cent moisture (a), to somewhat below 38 
per cent with 4 per cent moisture (b), and further 
to 34.5 per cent with 6 per cent moisture (c). In 
view of Reitmeister’s and Dearden’s theories, it is also 
remarkable that in the moisture ranges 3-5 per cent 
and 6-9 per cent, the degrees of compaction for con- 
stant permeability values pass through progressively 
higher green densities with increasing moisture con- 
tent. 

This selected method of presentation of strength 
and permeability in ternary diagrams shows, in addi- 
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Fig. 14b (Above) — Green permeability shown 


in relation to density for different moisture 
contents (Rosenthal sand). 








Fig. 14a (Lett)— Pattern of the constant 
permeability curves in the ternary diagram 
(Rosenthal sand). Values obtained from Fig. 
14b. 
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1.55 Green Density 


Fig. 15a (Lett)— Pattern of the constant 
strength curves and of the section line A-A 
representing strength values of the Standard 


tion to the influence of the volumetric expanse of the 
three components: sand, water and pores, also the 
effect of moisture and degree of compaction on these 
properties. This is not possible if the properties are 
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Fig. 15b (Above) — Green strength and den- 
sity of Standard DIN (AFS) test specimens 
shown in relation to moisture content. 


DIN (AFS) test specimen (3 rams) in the 
ternary diagram. Values obtained from the 
density diagram of Fig. 15b (Rosenthal sand). 


shown in the customary diagrams (Fig. 2), wherein 
it is difficult to determine the actual true influence 
of moisture and density on permeability and strength. 
The relationships shown are now completely sepa 
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Fig. 16b (Above) — Permeability and density 










Fig. 16a (Lett) — Pattern of the constant per- 
meability curves and of the section line A-A 
representing permeability values of the Stand- 





ard DIN (AFS) test specimen (3 rams) in the 
ternary diagram. Values obtained from the 
density diagram of Fig. 16b (Rosenthal sand). 


of Standard DIN (AFS) test specimens shown 
in relation to moisture content. 
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rated from the influence of the method of compaction 
used for the test specimens. 

yn the lines representing weight per cent of con- 
stant moisture (straight, dotted lines of Fig. 13a and 
14a inclining slightly towards the left) , the alteration 
of strength and permeability for an increasing or de- 
creasing density fully conforms to Hansen’s and Rode- 
hiiser’s conclusions. 

[f the curves representing constant properties are 
looked upon as being height lines, similar to the al- 
titude lines of a map, then the properties stand out 
even clearer. In fact, they can be shown three-dimen- 
sionally in the model described in the following 
chapter. 


8. Presentation of strength and permeability of 
Standard compacted test specimens, having vary- 
ing moisture contents, in the ternary diagram 


The previously mentioned idea of comparing the 
strength and permeability curves with the altitude 
lines of a map will greatly facilitate the positioning in 
the ternary diagram of the values corresponding to the 
density curve of Fig. 2. This figure is shown again in 
the lower diagrams of Fig. 15b and 16b. Now, if we 
transpose from these diagrams for certain moisture 
contents the appropriate green densities (see points 
a, b, and c) to the ternary diagrams Fig. 15a and 16a, 
we can connect these points by a curve A- A, which 
has a special significance. This curve might quite 
suitably be termed the “property curve”, since, with 
its use, strength or permeability can be viewed both in 
relation to density and moisture content for a con- 
stant compaction of three rams. A second curve, 
\’- A’, drawn in Fig. 1l6a, which will be described 
later, refers to a constant compaction of five rams. 

If we again imagine the constant strength or per- 
meability curves to be in an elevated position, i.e., 
drawn on a model, then it is evident that the so- 


Fig. 17 — Model representing the ternary strength diagram 
of Fig. 15a. 
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called property curve is, in effect, a section line cutting 
through the model. By drawing a developed elevation 
of the cutaway section of the modei over an equally- 
spaced moisture scale (abscissa) , then we again obtain 
the customary strength or permeability curve of the 
Standard compacted AFS or DIN test specimen of 
Fig. 2. The upper diagrams in Fig. 15b and 16b have 
been obtained by this method. They can easily be 
checked by estimating strength or permeability at 
points a, b and c on the property curve, which cor- 
respond to a moisture content of 4 per cent, 6 per 
cent and 8 per cent, respectively. 

We can further observe that the point marked with 
a small circle on the property curve represents the 
optimum strength (4.8 per cent moisture) or per- 
meability (6.8 per cent moisture) obtained. Moisture 
content, density and the strength and permeability 
values of these particular points correspond again to 
the maxima of the latter two properties, shown as a 
function of moisture content in Fig. 2. With respect 
to the moisture content at the optimum strength in 
this figure, it is of particular interest to note that 
this moisture does not correspond to the optimum 
moisture content of approximately 6.5 per cent in 
Fig. 15a, for which we previously mentioned, that the 
clay develops the highest bonding properties under 
compression. 

Figure 17, 17a and 18, 18a are photographs of a 
model (three dimensional visualization) on which the 
property curve, A - A, is shown of the ternary strength 
and permeability diagrams Fig. 15a and Il6a. Figure 
17a and Fig. 18a show the section profile of the prop- 
erty curve A-A. 

In Fig. 19a, the curves representing constant strength 
and permeability, as well as the appropriate property 
curves, have been drawn in a common ternary dia- 
gram. The distance 4 W between the two maxima on 
the property curves (marked by a small circle) cor- 
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Fig. 17a — Model representing the ternary strength diagram 
of Fig. 15a showing the section profile of line A-A. 





Fig. 18 — Model representing the ternary permeability dia- 


gram of Fig. léa. 


responds to the difference of the moisture contents 
appertaining to these maximum values. This differ- 
ence is, of course, identical with the difference of the 
moisture contents of the optimum properties in the 
upper diagram of Fig. 19b or Diagram 1, Fig. 2, re- 
spectively. 

If we follow the so-called property curve cutting 
through the curves representing constant strength and 
permeability values, we can find the explanation for 
the contradictions to the basic law, evident in Fig. 2. 
For instance, the continuous decrease of the com- 
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Fig. 18a— Model representing the ternary permeability dia- 
gram of Fig. 16a, showing the section profile of line A-A. 


pressive strength from b-c-d in Fig. 2, despite the 
fact that density falls between b and c and rises be- 
tween c and d, is merely the result of the position of 
the property curve A-A in Fig. 15a. Since in this 
particular case, and by using the AFS (DIN) test 
method, the density changes with an increasing mois- 
ture content according to Fig. 2, and it is this change 
which fixes the position of the property line through 
the lines of constant strength in Fig. 15a. 

It is, therefore, obvious that a representation of the 
properties of the AFS test specimens, as shown in 


+ 
3, 































/39 <x 
y. BG 00 7) . 
/ Cc ’ 
o/ & ' 
wg g 1400 7o ~ 
v = 
se 5 1200 605 
, 4 
. 1000 50 £ 
3 
— Merghe 6 & 
Wale, rs 800 140 
~ 
.” 
5? 
> 162 
: 
: a 158 
: 45¢ | 
Ss 
S ; 6 8% 
2 Moisture, Percent 
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; Fig. 19a (Lett)—-Common ternary strength 
4 and permeability diagram (Figs. 15a and 16a). 









vic 
pl 
in 


ch 
we 


ol 

pe 
of 

an 
Fis 
fro 
the 
de! 
col 
eX: 
col 


ris 
sal 
inc 
for 
Wi 
de! 
are 
col 


im 
the 
of 

an 
she 
A’ 

use 
alt 
in 

lin 
the 


ing 


AF 
col 
pre 
sha 
ho! 
stre 
of 

dit 
pre 


an 
the 


the 
cul 


of 


sar 
me 














W ALTER GOETZ 


Fiz. 2, is not adequate if we want to study the indi- 
yicual influence of moisture or density on the sand 
pl perties. What is shown in Fig. 2, however, is the 
iniluence of a combined effect of moisture and density 
changes on permeability or strength. 

By means of the permeability curves of Fig. 14a, 
we can also find an explanation for the contradictions 
to the basic law, which were evident in the discussion 
of Fig. 7b. For instance, if we take point “a” on the 
permeability curve 60, near lower right-hand corner 
of Fig. 14a, which corresponds to 3 per cent moisture 
and approximately 1.51 g/cc green density (yg. in 
Fig. 7b) , we can observe that by changing the moisture 
from 3 per cent to 4 per cent (F, to F, in Fig. 7b), 
the permeability will remain constant, provided the 
density increases to 1.55 g/cc (“b” in Fig. 14a). This 
corresponds to the increase of density from yo to yey 
exactly, in Fig. 7b, in which permeability remained 
constant. 

We can again see from Fig. I4a, that if the density 
rises only to a value between 1.51 and 1.55 with the 
same increase of moisture, then the permeability will 
increase despite the increase of density. For instance, 
for a density of approximately 1.53, the permeability 
will increase from 60 to 70. Therefore, the change of 
density from 1.51 to 1.55 corresponds to the shaded 
area between yz. and y-; in Fig. 7b, within which the 
contradictions are evident if the permeability curve 
is drawn as a function of the moisture content. 

We can easily see in the ternary diagram, that every 
imagined alteration of the position and pattern of 
the property curve A-A will result in an alteration 
of the elevated profile of the cutaway section. Such 
an alteration of the position of the property curve is 
shown in Fig. 16a, by comparing line A- A with line 
A’- A’. A-A corresponds to 3, and A’- A’ to 5 rams 
used for compacting the test specimens. The resulting 


alteration of the elevated section profile can be seen 4 


in a comparison of the permeability curve III (section 
line A-A) with curve V (section line A’-A’) in 
the upper Diagram 3 of Fig. 2. 

From the foregoing, we have established the follow- 
ing important facts: 

The pattern of permeability and strength curves of 
AFS test specimens, shown as a function of moisture 
content, is clearly determined by the position of the 
property curve in the ternary diagram. For a given 
shape and dimensions of the test specimen, having a 
homogeneous compaction, the pattern of the constant 
strength and permeability curves is quite independent 
of the method of compaction and the specific con- 
ditions used; whereas the position and pattern of the 
property curve is determined by the latter. 

Thereby, every induced alteration of the position 
and pattern of this curve results in an alteration of 
the elevated profile of the cutaway section. 

Fundamentally, these considerations can only mean 
that the characteristics of strength and permeability 
curves, shown as a function of the moisture content 
of the AFS or DIN specimens, are not to be con- 
sidered as a result of the special properties of the 
sand itself, but are, in fact, the result of this particular 
method of making test specimens for which a change 





in density is typical with increasing moisture. 

In addition to the previously described property 
curve, we can alsg draw others, which are valid for an 
increasing density at a constant moisture content. In 
the ternary diagram these lines are represented by 
the lines of constant weight per cent of water. An 
elevation of such a section line depicts strength and 
permeability values for increasingly compacted sand 
specimens as a function of density with a constant 
moisture content. 

The elevated profile of the first property curve, as 
previously explained in detail, corresponds to the 
upper diagrams in Fig. 2, whereas the profile of the 
second property curve corresponds to one of the 
curves in Fig. 6. 


9. Influence of different compaction methods on the 
pattern of section lines in ternary diagrams, and 
on the pattern of resulting section profiles 


As explained in the previous section, the position 
and pattern of the intersecting property curve is de- 
termined by the method of compaction used on the 
test specimen. This dependency is further illustrated 
in this section. 

In Fig. 20 and 21, two additional hypothetical in- 
tersecting property curves, B- B and C-C, have been 
drawn. Line A-A again refers to the Standard com- 
pacted AFS specimen. Line B - B represents specimens 
compacted to a constant green density with increas- 
ing moisture contents (Dearden) and line C-C re- 
fers to specimens compacted to a constant volume per 
cent of solid substance (sand -+- clay), i.e., to a con- 
stant dry density (Buchanan) . 

It is evident from Fig. 20 and 21, that these three 
property lines intersect the constant strength and per- 
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Fig. 20— Ternary strength diagram of Fig. 15a, containing 
additional section lines. 
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37 there, more or less constant, for a moisture rang: 
vA from 5-7 per cent, because the property line is near} 

parallel with the permeability curves. The permeabi! 

ity increases again above the 7 per cent moistur: 
~~ content, because the permeability curve 80 graduall: 
approaches the property line and intersects it below 
8 per cent moisture. A somewhat similar explanatic: 
applies to the compaction method indicated by th 
property section line C-C. 

We can see from Fig. 22, that the permeability 
curve is practically not influenced by increasing mois 
ture for line B- B, moisture range 5-7 per cent, anc 
line C-C, moisture range 6.5-9 per cent. Both these 
, cases, therefore, correspond to Buchanan’s finding: 
shown in Fig. 5. 








The shape of the green density curves shown in the 
lower diagrams in Fig. 22 illustrates the substantia! 
effect of the compaction method and, consequently, 
its corresponding influence on the pattern of the 
permeability and strength curves. 

Figure 23 is another photograph of a model rep- 
resenting the permeability ternary diagram showing 
the section profile of the prowerty line C - C in Fig. 21. 
By comparing Fig. 23 with Fig. 18a, the two entirely 
different patterns of the section profiles, A-A and 
C-C in Fig. 21, can be easily understood. 
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Fig. 21 — Ternary permeability diagram of Fig. 16a, contain- 


ing additional section lines. Summarizing the above deliberations on the im- 
portant effect of the compaction method on the cus- 
meability curves in entirely different positions. The tomary property curves of test specimens, shown as 
resulting profiles, shown as a function of the moisture a function of the moisture content, it has been dem- 
content, are seen in Fig. 22, into which the corre- onstrated that the apparent differences of the strength 
sponding densities have also been drawn. Under in- and permeability curves versus the basic law are only 
creasing moisture, the strength first rises and later fictitious. Through presentation of the properties in 
falls in all three cases. However, the gradients of the the ternary diagram, a complete understanding of 
three strength curves are different, and their maxi- these problems has been made possible. 
mum values at their corresponding moisture con- Although all the examples of sand properties listed 
tents, also. These strength maxima have also been in the previous sections refer to one type of sand only, 
indicated in Fig. 20 by points A’, B’ and C’. Rosenthal sand, they can also be considered as being 
The differences of the permeability curves (profile typical for a variety of sands. The writer has also 
of property lines) are even more pronounced (dotted investigated numerous other sands, and it appears that 
line in the diagrams of Fig. 22). Whereas in the the constant strength curves tend to conform to a 
Standard compacted specimens (Profile of A - A), the general pattern more so than the permeability curves. 


maximum value is clearly evident at 6.8 per cent 
moisture, that of the profile 
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Fig. 23— Model representing the ternary permeability dia- 
gram of Fig. 21 showing the section profile of line C-C. 


10. Variation of the pattern of constant strength and 
permeability curves in the ternary diagram 


A feature of the pattern formed by the constant 
strength curves, is that the profile of a section line, 
which is parallel to a constant density line, rises to 
the maximum value and falls again at a much steeper 
gradient with synthetic molding sands than with nat- 
urally-bonded sands. Some of the latter show an even 
flatter profile than the Rosenthal sand. The pattern 
of the permeability curves of the Rosenthal sand 
shown in Fig. I4a indicates the extreme limits for 
certain moisture ranges viewed in the light of our 
investigations of other sands. 

The curves of the molding sand shown in Fig. 24 
run similar to those of the Rosenthai sand in a mois- 
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Fig. 24— Ternary permeability diagram for a synthetic facing 
sand used in the malleable foundry. 
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ture range from 3-5 per cent. For the sand shown in 
Fig. 24, it should be noted that the density contin- 
ually increases for*a constant permeability, and the 
air spaces decrease for an increasing moisture content. 
For example, the air spaces decrease from 44 per cent 
at 3 per cent moisture to 31 per cent at 9 per cent 
moisture for the constant permeability curve 25. This 
occurs despite the fact that change of permeability 
and density conforms to the basic law when this re- 
lationship for a constant moisture content is studied. 

Hansen!4 in 1924 already observed that it was pos- 
sible to have compactions wherein the air spaces de- 
creased with an increasing moisture and constant per- 
meability. Ash and Lyssel?* came to similar conclu- 
sions. All three are of the opinion that an increasing 
moisture content does not only fill up the available 
air spaces, but has a smoothing effect on the pore 
surfaces, reducing resistance against the flow of air 
through the sand. From our own observations, par- 
ticularly of the sand shown in Fig. 24, we presume 
that a number of sand grains agglomerate forming a 
compound grain, thereby increasing permeability. 

Other investigators?+ have also suggested that for 
increasing moisture content, the clay coating around 
the sand grains is influenced to a large extent by the 
mixing and compaction method of the sand. Further, 
the permeability is influenced to a higher degree by 
the average diameter of the air spaces rather than by 
their total volume. 

Figure 25 illustrates a particular feature not always 
as pronounced, but often observed in synthetic mold- 
ing sand, e.g., for certain moisture ranges (1.5- 2.5 
per cent) , the constant permeability curves run nearly 
parallel to the lines representing a constant volume of 
air spaces. 

It can also be seen that the »rofile of the section 
line A-A in Fig. 25 will result in a normal per- 
meability curve in relation to the moisture content. 
Therefore, the abovementioned particular pattern 
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Fig. 25 — Ternary permeability diagram for a synthetic sand 
containing new Belgian silica sand plus 6 per cent Wyoming 
bentonite. 
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Fig. 26 — Pattern of the constant dry strength curves and of 

the section line A-A in the ternary diagram. (Gray iron 

foundry facing sand.) Dotted line represents a constant green 
strength curve. 


would not be evident from such a permeability curve. 

The purpose of the above cited examples was to 
illustrate roughly the extreme limits of the constant 
strength and permeability curves obtained on various 
sands so far. Concerning the much discussed influence 
of increasing moisture content on permeability, the 
writer concluded that Buchanan’s and Reitmeister’s 
views are largely correct, i.e., that increasin, moisture 
does not change permeability. However, he is of the 
opinion that their statements are too rigid. 

According to these investigators, the constant per- 
meability lines in the ternary diagram would have to 
run parallel to the lines representing constant vol- 
ume per cent of the solid substance for all sands. 
This is true for certain moisture ranges in Fig. l4a 
and 25. However, according to the examples cited 
(Fig. 14a, 24 and 25), other moisture ranges exist in 
which the constant permeability lines run either to 
the left or to the right of the lines representing con- 
stant volume per cent of the solid substance or, on 
rare occasions, even parallel to the lines representing 
constant volume per cent of the air spaces. 

The ternary diagram can, of course, also be used 
for the representation of other sand properties. For 
instance, dry strength is of special interest, since in 
the customary representation, as a function of the 
moisture content, it usually shows a steady increase, 
i.e., the pattern of the dry strength curve is different 
from that of the green strength. An example repre- 
senting dry strength is illustrated in Fig. 26, for which 
the profile of section line A-A can easily be visual- 
ized. In order to show the differences in the patterns 
of the constant dry strength and the constant green 
strength lines, one of the latter is indicated by a 
dotted line. 

Furthermore, it is possible to show the hardness of 
test specimens in a ternary diagram. On the basis of 
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our investigations, the pattern of the constant h rd. 
ness curves is practically identical with that of he 
constant strength curves. 


11. Comparison of mold density with that of ‘he 
Standard compacted AFS or DIN test specim:ns 


The AFS or DIN sand testing method has recei ed 
widespread application both in American and ‘v- 
ropean foundries. A number of good reasons exist {or 
this extensive application, and they are discussed in 
this section. 

When considering the practical value of the AFS 
or DIN test, it is of primary importance to know 
whether the compaction characteristics of a foundry 
mold will react in a similar manner on various sands 
with various moisture contents as the test specimens. 

In order to investigate this problem, a number of 
experiments were carried out on sands having differ- 
ent compaction characteristics. The molds used were 
18 in. x 12 in., and compacted on a Nicholls 14-in. 
jolt-squeeze molding machine by five jolts and a sub- 
sequent squeeze in order to obtain a constant com- 
pacted mold height of 92 mm, which corresponds to 
the height of the flask. This is analogous to the condi- 
tions of the AFS test specimen. Different weights of 
the sand charge were used and the resulting mold 
heights were plotted in a graph in relation to the 
sand weights. Thereby, it was possible to read off the 
corresponding weight of the sand charge for a mold 
height of exactly 92.0 mm. 

With this weight plus the volume of the flask, the 
mean density could be calculated for every experi- 
mental mold. Using the same sand, DIN specimens 
were compacted with three rams and their density 
determined. The result of these comparative experi- 
ments is illustrated in Fig. 27, in which the relation- 
ship between the average mold density and the density 
of the test specimen is clearly established. It is evident 
from this graph that the mold density is in almost 
constant definite relationship with the density of the 
test specimen, despite the fact that the sands used had 
quite different compaction characteristics and differ- 
ent moisture contents. All points fall within a toler- 
ance +2 per cent as shown by the thin line in Fig. 27. 

In addition to the results of our experiments, Dr. 
V. Frey25 carried out an investigation with jolted and 
subsequently squeezed molds, as well as molds com- 
pacted by the sand slinger method, and came to 
similar conclusions. In this case, a particular study 
of the effect of moisture contents above temper water 
was made. 

Consequently, we can conclude that if moids are 
compacted with a constant compaction energy to a 
constant height, as is the case with the AFS (DIN) 
test specimens, we obtain, for both, the same varia- 
tions of density with different types of sand, as well 
as with sands having different moisture contents. 


12. Summary and Conclusions 


This investigation was instigated by some critical 
remarks made doubting the suitability of the AFS 
(DIN) cylindrical test specimen. It was cited that 
the density varied in this specimen according to the 
different types of sand and varying moisture contents 
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for one and the same sand. Consequently, the sands 
could not be compared under identical conditions. 

A further objection was that when the strength and 
permeability curves were drawn as a function of mois- 
ture content, their patterns were partially in contra- 
diction to a fundamental law, i.e., that permeability 
should run inversely and strength, analogous to the 
change of density. This investigation has shown that 
the contradiction was only fictitious. This representa- 
tion of the properties caused some investigators to 
form a false conclusion, since permeability and 
strength were, in fact, shown only as a function of the 
combined effect of varying moisture content and den- 
sity. Therefore, it did not show the individual in- 
fluence of moisture and density on these properties. 

In order to illustrate the individual effect of mois- 
ture and density, as well as the air space volume on 
permeability and strength, a ternary diagram has been 
developed. This diagram has facilitated demonstrating 
the influence of the air space volume, green and dry 
density on permeability. In order to maintain the 
latter at a constant level with increasing moisture, it 
proved that it is not essential for the air space volume 
to remain constant, but that, in fact, it can even 
decrease. This decrease of the air spaces can extend 
to such a degree that the green density and in the 
extreme case, even the dry density can increase for a 
constant permeability. 

By means of this ternary diagram, it can, further- 
more, be established that the patterns of the strength 
and permeability curves, shown as a function of mois- 
ture content, are, in effect, the result of the particular 
compaction method used under specific conditions 
for making the test specimens. Therefore, the pattern 
of these curves, obtained with the AFS method, is 
only one of the possible patterns obtainable with the 
same sand. 

In order to prove the practical value of the AFS 
(DIN) cylindrical test specimen, experiments were 
carried out comparing the density of the test specimen 
with the mold. Using widely different types of sand, it 
can be proven that if molds are compacted with a 
constant compaction energy to a constant height, as 
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is the case with the AFS (DIN) test specimens, we 
obtain, for both, the same variations of density with 
different types of sand, as well as with sands having 
different moisture contents. Consequently, we can state 
that the change of permeability and strength of this 
specimen, induced by varying moisture contents, is, 
therefore, also valid for the sand compacted in the 
foundry mold. 
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DISCUSSION 


Chairman: R. R. Kunz, Nibco of Texas, Inc., Div. of Northern 
Indiana Brass Co., Nacogdoches, Texas. 


Co-Chairman: B. H. Bootn, Carpenter Bros., Inc., Milwaukee. 


F. S. Brewster! (Written Discussion): This paper is much 
more than a study of the test specimen. It sheds light on the 
difficult task of separating the effects of moisture and density on 
sand properties in a straightforward manner. There is truly 
fundamental research. Many of us have been working at the 
problem, but we were like the blind men feeling the elephant. 
Mr. Goetz has shown us a panoramic view of the whole animal. 
Although it is no easy task, every one of us, who call ourselves 
sand technicians, must take the time to assimilate this paper. 

The author has clearly shown that our present specimen is 
admirably suited to its job. Whether by accident or design, it 
appears to be equal or superior to all of the other shapes and 
methods of ramming which have been advanced. Our method 
of presenting the data needed overhauling more than the shape 
of the specimen. 

Especially important, are the reminders that high moisture 
usually causes agglomeration and always smooths the air pass- 
ages in the sand. Look at an old style permeability standard to 
see how small a single orifice simulates 100 permeability over 
the whole 2-in. specimen, containing thousands of pores. The 
author aptly points out that it is the average pore size that 
counts more than the number of pores. 

We needed badly to be reminded of the basic laws which say 
that strength must increase and permeability decrease with a 
rise in density, and the reasons for exceptions to these laws. 

There is a somewhat new trend in the United States toward 
expressing properties in terms of and at some selected mold 
hardness. 

This stems from the desire to know what the actual mold 
properties are, and the fact that mold hardness is the only possi- 
ble non-destructive test which can readily be used on the mold. 
One way to accomplish this aim, is to chart permeability, 
strength, etc., against mold hardness by starting with a low 
weight of sand and ramming just enough to get 2 in. height. 
Highest hardness may require 20 or more rams on about 190 
grams of sand. 

Knowing the shop mold hardness, one can read from the 
chart actual mold properties. Such a chart must be prepared 
for each type of sand. 

Another method is to select the mold hardness found most 
suitable for the sand and castings at hand and prepare the stan- 
dard specimen to this hardness. This would be best done with 
some such variable ramming device as mentioned in the 1953 
AFS paper, entitled “Ramming of Moulding Sand” by Dietert 
and Graham. 

In any case, mold hardness should always be stated along 
with any report of properties. 

D. C. WitttaMs? (Written Discussion): The text of the paper 
in many ways does not bear out the implication of the title. 
This by no means vitiates the text. This discussor was in hopes 
someone had discovered how to eliminate the difficulties known 
to be encountered in preparing the test specimen. 


\s W. Y. Buchanan* stated very few persons (three in Great 
Britain) have interested themselves in investigating the test 
specimen. Since Buchanan stopped publishing, this discussor 
could not locate a British reference on this subject. In Germany 
a few more people have been concerned with the test specimen. 
In the United States very little, if any, work has been done 
along the nature carried on by Buchanan. 

The lack of interest in the United States toward investi- 
gating the test piece might be attributed to how the test results 
are used. One of the main purposes of sand testing is to use 
the test results as a means of controlling human endeavor and 
evaluating whether the “man behind the muller” carried out 
his orders. Some foundrymen have now returned to making 
the permeability test as they believe they can tune in a little 
sharper on how well people have added the requisite weights 
of materials to the mixer. Sand testing for the purpose of de- 


Foundry Trade Journal, 


*W. Y. Buchanan ‘Testing Foundry Sands,’ 
May 1937, p. 408. 

**Dr. H. Ries, Professor Emeritus, Geology, Cornell University, de- 
ceased. 


EVALUATION OF CYLINDRICAI. STANDARD TEST SPECIMEN FOR FOUNDRY SAN: 





vising satisfactory new mixtures is seldom practical. Many 
foundrymen cut and try to find a satisfactory sand mixture ai 
then call in sand testing to maintain this mixture. It may |e 
that some foundrymen can make use of the information p» 
sented by the author toward a better understanding. 


A short history of how the 2 in.x 2 in. test piece came into 
being was related orally to this discussor by D. H. Ries** and :s5 
presented here. Dr. Ries and Professor C. M. Nevin, Geolo 
Department, Cornell University, went to local foundries aid 
dropped a 14 in. diameter ball bearing through a distance of 
2 ft onto the cope surface of mold cavities. The diameter of 
the indentations were measured and averaged. Returning to 
McGraw Hall on the Cornell campus, they searched the base- 
ment for material or equipment they could use to compact a 
sand mixture. With what they found they constructed a ram 
ming device not too different from that in use today. They found 
that after three rams they produced test specimen of sufficient 
compaction that the 14 in. diameter ball bearing dropped 2 
ft, produced an indentation whose diameter was comparable 
to their tests in foundry molds. If some one has among thei: 
old records any information on this subject, possibly they would 
permit such records to become a part of the new library of AFS 


It becomes increasingly difficult to evaluate permeability in 
light of the following test. For years foundrymen have enjoyed 
showing that a silver dollar placed upon a test specimen will 
not change the permeability reading on the equipment used 
This discussor has performed the following experiment at several 
demonstrations using an AFS No. 60 fineness sand. The permea 
bility value obtained was 72. Then a steel disk 154 in. in diam 
eter was centered on the test specimen. The permeability reading 
was 71. Was it possible that closing off 76 per cent of the sur- 
face produced only a slight change in permeability? However, 
if we refer to the standard formula for permeability wnich is 

Vxh 
pxaxt 
we find the area in the denominator. By placing the steel disk 
on the outlet side we have reduced the area from 6.4 sq cm to 
to 1.5 sq cm. With all other factors in the formula remaining 
constant, the permeability increases about 4.25 times and the 
permeability becomes 303 instead of 71. It was found that ram 
ming a steel disk of 114 in. diameter in the center of the test 
specimen and covering the top of the specimen with the 1-34 in. 
diameter disk brought about a drop in the permeability read 
ing from 72 to 60. While this discussor was unable to fit this 
experience into the author’s presentation it may be that the 
author will find it possible. 


While the author in the paper relates green compressive 
strength to density it may be that he also considers that dry 
compressive strength and hot compressive strength are related 
to density. The following experiment is related with respect to 
hot compressive strength. 

A considerable quantity of data was obtained using the | 1 in. 
x 2 in. test specimen which upon being subjected to heat revealed 
the hour-glass shaped core which was considered to be a natural 
result of the movement of sand grains compacting under a 
sinking circular footing. Then came house cleaning time; during 
which the rammer head was removed from the rammer rod, 
cleaned and reassembled. Immediately the hot compressive 
strength results doubled even though there was no change in 
density. Examination revealed that we no longer had the hour- 
glass shaped core, but one with straight cylindrical sides. The 
measured area of the narrow part of the hour-glass shaped core 
was one half that of the cylindrical core. All test values were 
recorded on the basis of the nominal cross section of the core. 
It seemed that the character of consolidation has changed after 
cleaning the rammer and that density had little effect. We had 
to conclude that the re-assembly of rammer head on the rammer 
rod produced an entirely new piece of equipment and that the 
type of compaction was a delicate matter to control. If a simple 
matter of cleaning equipment can produce such variations in 
test results, which in each case of core type could be reproduced, 
how do you select the one best set of values? 


In addition, the AFS Green Sand Properties Committee had 
established that the relative smoothness of the interior of the 


1. Brumley-Donaldson Co., Los Angeles. 


2. Ohio State University, Columbus, Ohio. 
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specimen tube has a marked effect on obtainable densities in 
the compacted test specimen. 

‘here is no question that the author using his rammer and 
specimen tubes can derive the relations shown in the paper. 
Te question I would raise, could the same. relations be dupli- 
cied if the equipment available to the discussor were used 
instead of the author's? I, for one, would like to know if the 
indicated relationships hold for compactions of the hour-glass 
type, cylindrical type and possibly others. One of the possible 
reasons why green strength properties differ on the same mix- 
tures tested in different shops is that, although the densities of 
the test specimens are constant the core compactions differ be- 
cause the rammers are different though they look alike. 

The author has just made a beginning and I hope he will be 
permitted to continue his investigations concerning the test 
specimen. 


Mr. Goetz (Author's Reply): The experiments regarding the 
change of permeability induced by placing a steel disk on the 
test piece, which are mentioned by Mr. Williams, can be ex- 
plained as follows: 

The surface of the test piece is not absolutely flat and smooth, 
but is actually rough. If the steel disk is laying loosely on the 
test specimen, this roughness of the surface provides relatively 
large air spaces through which the air can escape. The addi- 
tional resistance to the air flow on account of the steel disk is 
small in comparison to that existing within the normai test 
specimen of 2-in. length, having considerably smaller pores. 
rhe pressure loss per unit length of the specimen is therefore 
increased only to a small extent by the steel disk and conse- 
quently the resulting reduction of the measured permeability 
is also small. 

Even if the steel disk would be in intimate contact with the 
test specimen, we could not expect any appreciable increase of 
the air flow resistance, as the air would merely have to flow a 
longer distance in a horizontal direction in the sand layers 
below the steel disk. By virtue of the foregoing explanations 
it is wrong to substitute in the permeability formula the re- 
duced cross-sectional area of the test specimen resulting from 
the steel disk. 

The air flow conditions are somewhat different if the steel disk 
is rammed into the center of the test specimen. Here the steel 
disk acts in a similar manner as an orifice plate built into a 
pipe and we have a clear reduction of the cross-sectional area. 
As can be seen in Fig. 28, the steel disk results in a pressure 
loss and therefore the available pressure to force the air through 
the top half of the test specimen is reduced. For the same 
initial air pressure (100 mm W.G.) and the same density of the 
sand the pressure loss per unit length of the test piece appears 
to be higher, which explains the reduction of the permeability 
number. 
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Fig. 28 


However the true permeability of the sand test specimen is in 
no way influenced by the steel disk. In any case these experi- 
ments are no proof that the basic law for the air flow through 
porous masses is not correct. This applies not only to molding 
sands, but is also valid in soil mechanics, filter processes, etc. 

In addition our knowledge of the permeability number, which 
was first looked upon as a material constant, has increased. 
Kozeny and later Carman! have shown that the grain diameter 
and the porosity are the main factors governing permeability. 
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An important object of the writer's work has been to establish 
the influence of moisture content and density on permeability 
of clay bonded foundry sands. With the results obtained it was 
possible on the one ‘hand to line up the various contradictory 
views expressed by some investigators in the foundry literature 
and on the other hand to compare the results obtained with 
clay-bonded sands with those of the above mentioned investi- 
gators who worked with clay-free sands. 


With the question of comparing data on density and the 
reference on the investigations by Buchanan, Mr. Williams 
raises a subject of considerable importance in sand casting, which, 
up to now, has not received the attention it deserves. 


The investigations of Buchanan, as well as those of J. R. 
Young,” illustrate that changes in the dimensions of test speci- 
mens obtained with the same method of compaction or test 
specimens having the same size but compacted with different 
methods may show with the same density varying strength and 
permeability values. With the same total weight of the test 
specimen the density may be really homogeneous throughout or 
it may vary in the different specimen parts, although the average 
density as such does not give any indication for this fact. 


A further problem concerns the length of the test specimen. 
According to Buchanan® the length should be equal to two 
diameters. Buchanan is of the opinion that the shear plane 
should still cut through the cylindrical surface of the specimen. 
In the considerably shorte: AFS specimen however, the shear 
plane cuts very often through the flat ends of the specimen. As 
these ends are clamped, the sand is somewhat restricted from 
breaking out and the measured compressive strength is conse- 
quently too high. If the length of the specimen is further re- 
duced the compressive strength raises rapidly. On the other 
hand, from Buchanan's data the strength falls still further if 
the specimen length is increased above two diameters, despite 
the fact that the shear plane is correctly positioned. 

On the strength of these facts we must be quite clear in our 
minds that density, strength and permeability represent relative 
property values, which change with the method of compaction 
and the dimensions of the test specimen. 


According to Buchanan's experiments the homogeneity of the 
AFS test specimen can be improved by ramming the sand speci- 
men from both ends, i.e., 2 blows on one side and one blow on 
the other side. A further improvement he mentioned is to 
squeeze the test specimen in a similar manner (instead of ram- 
ming) . 

However with the squeezing method various sands can be 
compared only for a selected green or dry density. The writer 
is of the opinion that the compaction of a sand sample with a 
constant compaction energy to a constant volume, as used for 
the AFS and DIN test specimens, bears better relation to the 
actual conditions in a foundry mold. 


In these considerations we must not overlook the fact, that 
with all compaction methods such as squeezing, ramming and 
even jolting, it is more difficult to obtain an even compaction 
with an increased length of the test specimen. These various 
difficulties, running actually in opposite directions, must have 
played a decisive part for fixing the length of the AFS test 
specimen. 


However the writer is in agreement with Mr. Williams that 
it would be well worthwhile to investigate again the fundamen- 
tal work of Buchanan. This would also be of interest because 
for the AFS compaction method new knowledge has been ob- 
tained in recent years with respect to the effect of the rammer 
base, better maintenance of the movable rammer parts and more 
accurately machined specimen container. All these affect the 
homogeneity of the test specimen and result in a narrower 
variation of the test results, than was possible when Mr. 
Buchanan made his investigations. 

Mr. William’s last question, whether a specimen with a length 
of two diameters, as used by Buchanan, will show the same 
relationship between density, moisture content and permeability 
or strength as an AFS specimen, can be answered in the affirma- 
tive. The actual values will of course not be identical for a 
certain density of the AFS specimen. A test specimen which 
has been compacied by a different method to the same density, 
will definitely give different absolute test values. It is certain 
however, that the basic law will not be affected, i.e., that with 
an increasing density permeability will fall and strength will 
increase. In this respect, Buchanan obtained with his specimen 
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exactly the same relationships as Reitmeister did with his own, 
for which the compaction method was entirely different. 

With regard to the pattern of constant strength and per- 
meability curves in the ternary diagram, the results derived from 
various sands by Hansen show exactly the same relationship. 
Buchanan and Reitmeister established with their different test 
specimens, that moisture as such does practically not influence 
permeability, which is also in line with the investigations of 
the writer. On the basis of the experiments carried out by the 
writer on various sands, the above statement seems somewhat 
too rigid. The actual differences established are in reality no 
proof, that the various test specimens and their different com- 
paction methods, do not show the same principle behavior of 


the sand with respect to changes of moisture content an } 
density, as is the case with the AFS test specimen. This is aga 
a definite proof that basically the AFS test specimen cannot | 
wrong. 
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THE INFLUENCE OF MOLDING MATERIALS 


ON THE INCIDENCE OF HOT TEARING? 


By 


J. M. Middleton* 


ABSTRACT 

The experiments described in the previous paper on 
this subject! that were made to determine the effect on 
the incidence of hot tearing of variations in quantity 
and type of bonding material and ramming density of 
molding media, have been repeated under similar ex- 
perimental conditions, but using a 35-lb casting as 
compared with the 10-lb casting in the earlier work. 

It has been shown that, when restrained by test 
blocks bonded with clays, very little difference was 
found in the incidence and the extent of tearing as 
between the two sizes of test casting. When restrained 
by test blocks bonded with organic materials, however, 
the thermal conditions created by the larger casting 
caused a greater degree of collapse of the organic 
binders while the steel was in the hot tearing tempera- 
ture range, and hence reduced the incidence and extent 
of tearing. 


Introduction 

It was shown in the previous paper! that the re- 
straint of a small steel casting by sands bonded with 
clays caused only small tears in the casting, and that 
extensive tearing was encountered only in the cast- 
ing when it was restrained by sands containing or- 
ganic binders. The casting employed in that in- 
vestigation weighed only 10 lb, and it was considered 
that with larger castings of greater heat capacity 
there would be a more rapid collapse of organic 
sand bonds, which would affect the incidence of hot 
tearing. 

The earlier experiments have, therefore, been re- 
peated using a larger casting, and this paper de- 
scribes the results obtained. As in the previous work, 
the influence of the following variables upon the in- 
cidence of hot tearing was investigated: a) Ramming 
density; b) bonding agents; c) pouring temperature. 


Test Method and Procedure 

The dimensions and weight of the large test cast- 
ing used in the present investigation, compared with 
chose of the smaller test casting used previously, are 
shown in Table 1. 

The method of testing was identical to that em- 
ployed with the smaller casting, that is, the con- 
traction of the casting is restrained by both a sand 
test block and a calibrated spring (Fig. la), the 
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bending movement of the spring being a measure 
of the load induced in the casting by the hindrance 
to contraction offered by the various molding ma- 
terials at any given time after pouring. A slight vari- 
ation in the method of constructing the test mold 
was made necessary because the larger runner com- 
pletely covers the face of the test block (Fig. Ic). 
In these circumstances it was necessary in the 
present series of experiments to form the sides of 
the runner cavity by two additional cores (shown 
as X and Y in Fig. lc). These cores were of identi- 
cal composition, rammed density and strength as the 


TABLE 1 — ComPpaARISON oF TEst CASTINGS 








Large Small 
Test Casting Test Casting 
Length of bar, in. 3814 214% 
Cross Section of bar, in. 2x1 xl 
Dimensions of 5Y%x4x2_ taper- 
runner, in. ing to 14% 214x4x1l4 
Weight, Ib 35 10 





particular test block under investigation, and were 
secured in position by means of plates and screws 
as shown in the illustration. 

All of the test blocks were bonded with western 
bentonite (except where noted), and were prepared 
from the same two base sands as were used pre- 
viously, namely, Arnolds 26A (predominately 140 
mesh) and Chelford medium (predominately 70 
mesh). With the object of eliminating variations in 
ramming density, they were made by pressing a known 
quantity of sand to a definite volume in a core box. 
Full details of the procedure for preparing and test- 
ing the blocks are given in the earlier paper, as 
are also the gradings of the two sands employed. 

Melting was carried out in 50-lb capacity high- 
frequency furnace, melting conditions and deoxida- 
tion technique being held constant as far as possible 
for all tests. The composition of the steel was sim- 
ilar to that used for the small casting, and was: 


Per Cent 
as cs a aut ween 0.24 - 0.28 
DE he te Se ee hg ee 0.35 - 0.45 
Manganese ........-000+% 0.75 - 0.85 
Ne oe cna a als eine an 6 ieee 0.038 
| PPPPPePeT rT rererr irre. 0.030 
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Fig. 1b — Method of constructing the test mold for the small 
casting. 


The pouring temperature in all tests (except those 
in which the influence of variation in pouring tem- 
perature was investigated) was held at 1575 C. 

The spring of the test apparatus (Fig. la) used 
in the present series of experiments was identical 
to that used previously, and gave a deflection of 
0.001 in. for each load increment of 10 Ib. Spring 
deflection readings were taken immediately after com- 
pletion of pouring and thereafter at time intervals 
of 5 sec for a total period of 6 min. 

All test bars were sectioned at the position of 
tearing, i.e., at the junction of the runner and the 
bar, and the sections were surface ground and etched 
for 10 to 15 minutes in a hot 50/50 hydrochloric 
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Fig. 1c — Method of constructing the test mold for the large 
casting. 


acid solution. The lengths of the tears were meas- 
ured in millimeters. 


Determination of Temperature Conditions 
Under Which Hot Tearing Occurs 

Temperatures were measured by Pt/Pt—13 per cent 
Rh thermocouples at various positions in the test 
blocks and castings, the procedure being similar to 
that described previously. 

The temperatures recorded are shown in Fig. 2, 
and the curves may be identified with the following 
thermocouple positions: 


Casting 

a) Skin temperature: Immediately below the runner 
and at the position of tearing. (Bare thermo- 
couple.) 

b) Skin temperature: Towards the end farthest from 
the runner. (Bare thermocouple.) 

c) Interior temperatures: As near as possible to the 
center line of the bar and at the position of 
tearing. (A bent sheathed thermocouple.) 


Test Block 
d) At the metal/sand interface between the test 
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block and the runner. (Sheathed thermocouple.) 
e., f), g), h) In the test core, at increasing dis- 
tances, from the interface. (Thermocouples bared 
at their junctions.) 


It will be seen from the curves a) and b) (Fig. 2) 
that at approximately 50 sec after pouring there is 
a temperature gradient along the skin of the casting 
which becomes steeper with time. For example, 80 
sec after pouring there is a temperature difference of 
80 C (144 F) between the runner and the opposite 
end of the bar, while 200 sec after pouring the tem- 
perature difference between these points is 210 C 
(378 F). It is evident from these results that the 
runner forms an appreciable hot spot. 

The maximum interface (skin) temperature 
1430 C (2606 F) at the position of tearing (curve a) 
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Fig. 3a Comparison of temperatures obtained in 10- and 
35-Ib castings. 
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Fig. 3b — Comparison of temperatures obtained in test blocks 
for 10- and 35-lb castings. 
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Fig. 4— Curves showing time, temperature and load condi- 
tions under which tearing occurs. 


Fig. 2), is below the solidus of the steel [approxi- 
mately 1470 C (2678 F)], but at the center of the 
casting, curve c), a time of 160 sec elapses before 
the temperature falls below the solidus of the steel. 
The sand/metal interface, curve d), quickly attains 
a temperature of 1430 C (2606 F), and tempera- 
tures of over 1400 C (2552 F) are maintained at 
this position for at least 4 min after pouring. 

Marked temperature gradients exist in the test 
core (curves d, e, f, g, and h), but it will be noted 
that 120 sec after pouring the sand to a depth of 
0.15 in. is heated above 1250 C (2282 F). 

A comparison of the temperatures in the casting 
and test block with those that were obtained at sim- 
ilar positions when employing the smaller casting 
can be seen in Figs. 3 a and b, and the differences 
are described below. 


In the casting: 

a) The maximum temperatures attained at the po- 
sition of tearing are similar in the two cases. 

b) These maximum temperatures are maintained for 
a longer time in the larger casting than with 
the smaller. 

c) The temperature gradient existing along the skin 
of the test castings at any time after pouring is 
less steep in the case of the larger casting than 
it is in the smaller one, e.g., 120 sec after pouring 
the gradient along the skin of the small castings 
is 14.4 C (25.9 F) per in., while that along the 
skin of the large casting is 3.5 C (5.9 F) per in. 

In the test block: 

a) The maximum interface temperatures attained at 
the interface of the block and runner are similar 
in the two cases. 

b) These maximum temperatures are maintained for 
a longer time in the case of the larger casting 
than in the smaller one. 

c) During the first period after pouring the tem- 
peratures at different depths in the test cores are 
similar; but, later, higher temperatures are 
reached and maintained in the larger than in the 
smaller casting. 


In order to ascertain the temperature and load 
conditions under which tearing occurs in the casting 
investigated, an experiment was made in which the 
contraction of the casting was resisted solely by the 
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spring, the runner end of the casting being held 
rigid. The results are shown in Fig. 4 together with 
the corresponding curve relating to the smaller 
casting. 

The casting tore completely (Fig. 5) with a load 
of 245 lb (approx. 122.5 lb/sq in.) 120 sec after 
pouring, the skin temperature at the position of 
tearing being 1430 C (2606 F), and that in the in- 
terior of the casting being 1486 C (2707 F). The 
temperatures at the skin and in the interior of the 
larger casting are almost identical to those recorded 
on the smaller casting when tearing occurred, but 
the time after pouring is longer (120 sec as com- 
pared with 55 sec) and the load withstood by the 
casting is greater (245 lb as compared with 55 Ib). 
The probable reasons for these differences are dis- 
cussed later under “Mechanism of Tearing.” 





Fig. 5— Tear in casting in which movement of the runner 
was restricted. 


It has been shown! that tearing is most unlikely 
to occur after solidification is complete, and the 
cooling curve relating to the larger casting (Fig. 2, 
curve c) shows complete solidification occurs at ap- 
proximately 160 sec after pouring. This can there- 
fore be regarded as the extreme time limit for the 
occurrence of tearing; but as is shown in Fig. 3, 
extensive tearing takes place as early as 120 sec after 
pouring, and it was therefore decided, in the sub- 
sequent experiments, to determine the loads induced 
in the casting by hindrance to contraction (which 
are also indicative of the strain on the hot spot) 
at 80, 120 and 160 sec after pouring. 


The Mechanism of Tearing 


The anomolies which seem apparent from the re- 
sults shown in Fig. 4, in which the large casting 
withholds higher stresses and tears later after pour- 
ing than the small casting, both castings having sim- 
ilar skin and interior temperatures at the time of 
tearing, have two possible explanations, one based 
on stress and the other based on strain considerations. 


1. Stress 
The large casting contracts at a slower rate 
than does the small casting, a total linear contrac- 
tion of 0.00041-in./sec as against 0.00057 in./sec with 
the small casting during the early stages after pour- 
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ing. Therefore, under similar conditions of restraint 
stress development is slower in the large than in the 
small casting. 

It has been shown? that any conditions which are 
operative in lowering the rate of stress development 
in a casting cause tearing to occur later at lower tem- 
peratures and with higher stresses. While it is ap- 
parent from Fig. 4 that tearing of the large casting 
has occurred later and at higher stresses than the 
small casting, it would appear from the skin and 
interior temperatures that the temperature conditions 
at the time and at the position of tearing are sim- 
ilar for the two castings. 

That this is not so is evidenced when the differ- 
ences in cross-sectional area of the two castings are 
taken into account. The cross-sectional area of the 
large casting at the position of tearing is twice that 
of the cross-sectional area of the small casting. There- 
fore, for similar skin and interior temperatures, the 
temperature gradient across the section of the large 
casting is less steep than across the section of the 
small casting, approx. 56 C (101 F) per inch as 
against approx. 114 C (204 F) per inch. 

This means that at the time of tearing solidifica- 
tion will have progressed further into the section of 
the large casting than into the section of the small 
casting. The amount of metal which would have 
solidified into a coherent mass would under these 
conditions be greater in the large than in the small 
casting, and this should be able to resist higher stresses. 


2. Strain 

Bishop, Ackerlind and Pellini® have stated that 
the amount of stress induced in a casting is not the 
sole factor controlling the incidence of tearing in 
that casting, the amount of extension (strain) con- 
centrated in a hot spot while it is in the hot-tearing 
range is equally important. If the hot spot is ca- 
pable of accommodating the extension caused by the 
hindrance to contraction of the casting, then hot 
tearing cannot occur, regardless of the amount of 
stress in the casting. 

In a casting having a narrow hot spot and rapidly 
contracting cooler adjoining sections a small region 
has to extend both rapidly and extensively to pre- 
vent tearing. Therefore, under such conditions, tear- 
ing may occur with low stress. 

In a casting having a wide hot zone and slowly 
contracting cooler sections, the rate of extension of 
the hot zone is slower and the amount of extension 
which it must accommodate is dispersed; that is, the 
extension per unit length of hot spot is less. There- 
fore, a greater amount of extension must be concen- 
trated in the hot spot to cause tearing and if tearing 
occurs under these conditions, it will do so later 
after pouring; probably, under conditions of higher 
stress. 

It has been shown that the larger casting has a 
more extensive hot zone (the temperature gradient 
along the casting is less steep) and contracts at a 
slower rate than did the small casting. It is therefore 
to be expected that the larger casting will have a 
higher “strain limit” and will tear later after pouring 
and under higher stresses than were associated with 
the smaller casting. 
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Fig. 6 — Curves showing the effect of green and dry density 
on the loads induced in the casting. 


Hall* has shown that variations in the length of 
the hot spot can have a marked influence on the 
incidence of tearing in the casting, and that castings 
having a wide hot zone are the least susceptible to 
tearing. 

No satisfactory theory of the mechanism of hot 
tearing can ignore conditions of both stress and 
strain in the solidifying casting. It is now generally 
accepted that tearing may occur only in those parts 
of the casting that are near to the solidus tempera- 
ture and contain liquid films, while the remainder 
of the casting is solid. Stress-strain relationships un- 
der these conditions have not been quantitatively 
determined, but they can be expected to be different 
from those prevailing in wholly solid steels. 

It is not surprising that under these complex con- 
ditions various investigators have tended to differ on 
the emphasis they have placed on stress or strain as 
being the predominent factor affecting hot tearing. 
Future research in this field should therefore be 
aimed at providing quantitative data on the stress- 
strain relationships that influence the hot tearing of 
castings of different designs. 


Effect of Variables on the Incidence of Hot Tearing 


1) Effect of Ramming Density of Green and 
Dry Sands. Test cores composed of Arnolds 26A 
sand with 5 per cent bentonite and 5 per cent water 
additions were pressed to various densities, and the 
effects of ramming density in the green and dry state 
on the load induced in the casting at different times 
after pouring are shown in Fig. 6. 

The curves show that dry sands restrict the con- 
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traction of the casting more than green sands and 
so induce higher loads in the casting. The higher 
the green or dry density (and therefore the green 
or dry compressive strength), the greater is the com- 
pact’s resistance to contraction and the higher are 
the loads induced in the casting at similar time in- 
tervals after casting. 

Sections taken through the junction of the runner 
and bar show that small tears are present only in 
the casting restrained by the high-density (1.51 g/cc) 
dry-sand block, Fig. 7. The castings restrained by 
green sands or dry sands of lower density are free 
from tearing, a typical example being shown in 
Fig. 8. 

These trends in the relationship between the de- 
gree of hindrance to contraction and the green and 
dry densities of the molding media are almost iden- 
tical to those obtained with the smaller casting, and 
it can therefore be said that the changes in size and 
geometry of the casting have had little effect on 
these results. 

2) Effect of Different Bonds. Tests were carried 
out on test blocks containing different clay and 
organic bonds, and the loads induced in the cast- 
ings at periods of 80, 120 and 160 sec after pouring 
are shown in Fig. 9 together with a curve showing 
the extent of tearing associated with each bond. 
All the test blocks bonded with clays were made of 
Arnolds 26A sand, while those containing organic 
bonds were made of Chelford medium sand. All the 
blocks were tested in the dry condition and details 





Fig. 7— Tear in the casting restrained by a dry sand test 
block rammed to a density of 1.51 g/cc and bonded with 5 
per cent bentonite. 





Fig. 8 — Typical examples of tear-free casting restrained by 
green sands, or dry sand test blocks having lower density, 
bonded with 5 per cent bentonite. 
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of 80, 120 and 160 sec after pouring when restrained with 
test blocks containing different bonding agents. 


Fig. 10— Section of casting showing tear induced by test 
block bonded with 1.5 per cent linseed oil. 


Fig. 11— Section of casting showing tear induced by test 
block bonded with 1.25 per cent phenol resin. 





Fig. 9 — Curves showing 


loads induced in castings at periods 
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of original moisture content, density, etc., are give 
in Table 2. 

Figure 9 shows that, with the exception of te: 
blocks bonded with 1.5 per cent linseed oil, 7.5 pe 
cent ball clay, and a naturally bonded sand (whic 
have lower resistance to contraction), the type « 
bond has little effect on the amount of load induce: 
in the casting at 80 and 120 sec after pouring. Th 
extent of tearing in all instances is small, being o 
the order of 0.2-0.8 cm. The smallest tears are asso 
ciated with those castings restrained by those block 
that are bonded with ball clay and with 1.5 per cen 
linseed oil, and the largest with those containin; 
silica flour additions, fireclay, and a semi-solid com 
pound. Typical examples showing the extent of tear 
ing with various bonds are shown in Figs. 10, 11 
12, 13. A comparison of the loads at which tearing 
occurs in the large and in the small castings re 
strained by blocks containing similar bonds is shown 
in Fig. 14, the times of 120 and 75 sec after pouring 
being regarded as those at which tearing is most 
likely to occur in the respective castings. It is notice- 
able that the large casting withstands higher loads 
at the time of tearing than does the smaller casting, 
thus verifying the results shown in Fig. 4. 

a) Clay Bonded Sands. The two castings show 
similar trends of load and extent of tearing when 
restrained with test blocks bonded with clays. Tear- 
ing in both castings is small, 0.2 to 0.8 cm, the slightly 


TABLE 2— COMPOSITION AND PROPERTIES OF THE 

Test Biocks EMPLOYED IN THE STUDY OF THE 

Errect OF DIFFERENT BONDING AGENTS UPON 
THE INCIDENCE OF TEARING 





Dry 
Load for Compressive 
Moisture, Density, Compaction, Strength, 





Bond % g/cc psi psi 

Arnolds 276A Sand 
5% bentonite 4.8 1.51 180.0 160.0 
3%, bentonite 3.2 1.45 159.0 71.4 
5% Mediterranean 

bentonite 1.8 1.51 273.0 122.7 
20% silica flour 

+ 5% bentonite 4.8 1.51 55.0 148.0 


7.5% ball clay 


+1% bentonite 4.7 1.51 5 47.7 
7.5% fireclay 3.3 1.51 154.0 45.4 
Naturally bonded sand 

(Tow Law) 7.1 1.72 30.0 245.0 


Chelford Sand 
1.5% Linseed oil 

+ 1.5% cereal 

binder 2.5 1.61 43.0 1450.0 
2.0% Linseed oil 

+ 1.5% cereal 

binder 2.5 1.61 38.0 1650.0 
15% silica flour 

+ 1.5% linseed oil 

+ 1.5% cereal 


binder 2.5 1.62 14.0 1000.0 
4.0% semi solid 2.0 1.62 113.0 830.0 
1.25% urea resin 

+ 2% cereal 

binder 

+ 0.5% parting 2.5 1.63 15.0 942.5 
1.25% phenol resin 

+ 2%, cereal 

binder 

+ 0.5% parting 2.5 1.63 26.0 960.0 
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Fig. 12 — Casting section showing tear induced by test block 
bonded by 7.5 per cent fireclay. 





Fig. 13—Tear induced in casting section by test block 
bonded with 4 per cent semi-solid compound. 


higher loads and longer tears being associated in 
both instances with castings restrained by blocks 
bonded with fireclay and those to which silica flour 
additions have been made, that is, sand mixes known 
to have high hot strength. Test blocks composed of 
a naturally bonded sand (Tow Law) and _ those 
bonded with ball clays have low resistance to con- 
traction, and hence cause only slight tearing in both 
castings. The increase in the size, and therefore the 
heat content of the casting, has little effect on the 
behavior of the clay bonded compacts. 

b) Organically Bonded Sands. The increase in 
the size of the casting has had a marked effect on 
the behavior of the organically bonded test blocks, 
this being specially noticeable in those containing 
linseed oil. Test blocks containing linseed oil had 
high resistance to contraction and caused extensive 
tearing in the small casting, whereas with the larger 
casting, similarly bonded test blocks offered low re- 
sistance to contraction and caused correspondingly 
smaller tears. The reasons for this decrease in the 
resistance to contraction by the linseed oil bonded 
test block when used with the larger casting are: 

a) The increase in that section of the casting which 
is in contact with the test block has provided more 
heat for the destruction of the bond. 

b) The larger casting contracts at a slower rate and 
tearing occurs later than with the small casting, 
thus permitting a longer time for the destruction 
of the organic binder and the collapse of the sand. 

The enlargement of the casting has had little ef- 
fect upon the results obtained from test blocks bond- 
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ed with a proprietary semi-solid compound, tears of 
moderate length being found in both sizes of castings. 


Effect of Variations in Casting Temperature 
In all the tests previously described the casting 
temperature was held constant at 1575 C (2867 F) 
to ensure that any differences in the hindrance to 
contraction and the incidence of tearing were caused 
solely by the molding material. It was shown with 
the small casting that high casting temperatures 
caused extensive tearing when restrained by test 
blocks bonded with organic materials, and that low 
casting temperatures mitigated tearing in all cases. 
To ascertain the effect of variation in casting tem- 
perature with the larger casting a series of tests was 
carried out using casting temperatures of 1625 C 
(2957 F), 1575 C (2867 F), 1525 C (2777 F), and 
test blocks bonded with: 
a) 5 per cent bentonite (moisture 4.7 per cent, den- 
sity 1.51 g/cc, dry compressive strength 160 psi. 
b) 20 per cent silica flour + 5 per cent bentonite 
(moisture 4.8 per cent, density 1.51 g/cc, dry 
compressive strength 148 psi. 
c) 4 per cent semi-solid (moisture 2 per cent, den- 
sity 1.61 g/cc, dry compressive strength 830 psi.* 
* This was selected in preference to the 1.5 per cent linseed 
oil mix (as used in determining the effect of casting tempera- 


ture with the small casting) , as of the mixes containing organic 
bonds it was the least sensitive to variations in casting size. 
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Fig. 14— Curves showing loads on the large and small cast- 
ings when tearing occurs, and the extent of tearing when 
restrained by test blocks containing different bonding agents. 
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Fig. 15— Curves showing the effect of casting temperature 

on the loads induced in the casting when restrained by test 

blocks bonded with 5 per cent bentonite and 4 per cent 
semi-solid. 


Figure 15 shows curves relating the load due to 
hindrance to contraction and the time after pouring 
for the semi-solid and bentonite mixes; similar trends 
of load time with casting temperature were obtained 
with the 20 per cent silica flour mix. The curves 
show that as the casting temperature becomes lower 
the load induced in the casting at any time after 
casting becomes greater. It does not necessarily fol- 
low that tearing will be more severe in those castings 
poured with metal at the lower temperatures for as 
discussed in the author’s previous paper,! the sus- 
ceptibility to tearing depends upon the temperature 
conditions existing in the casting. Low casting tem- 
peratures favor a more uniform solidification rate 
throughout the casting; hence strength development 
is more uniform and tearing is less likely to occur, 
even though the stress which the casting has to with- 
stand may be high. This is confirmed by the sec- 
tions taken from the castings at the positions of tear- 
ing. The castings poured at 1525 C (2777 F), Figs. 
16, 17 and 18, are free from tears, or are only very 
slightly torn, while those cast at 1575 C (2867 F) 
were more severely torn (Figs. 19, 20 and 21). 

A further increase in casting temperature from 
1575 C (2867 F) to 1625 C (2957 F) reduces the 
amount of tearing for all three mixes (Figs. 22, 23 
and 24). The castings poured at 1625 C (2957 F) 
and restrained with test blocks bonded with the 
semi-solid compound or with 5 per cent bentonite 
were free from tearing, and the casting restrained 
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with the 20 per cent silica flour mix was only very 
slightly torn. 

The effect of casting temperature on the extent 
of tearing (mm) in the large and small castings 
restrained by test blocks of similar composition is 
summarized in Table 3. 

It will be seen that the effect of casting tempera 
ture on the extent of tearing for silica flour and 
bentonite mixes is similar for both castings. With 
the organic bond, however, it is noticeable that where- 
as an increase in casting temperature from 1575 C 
(2867 F) to 1625 C (2957 F) caused considerable 
extension of the tearing in the small casting, a sim- 
ilar increase in casting temperature with the large 
casting caused disappearance of the tearing. Enlarge- 
ment of the casting has therefore provided condi- 
tions which allow more complete collapse of the 
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Fig. 16 — Section of casting poured at 1525 C (2777 F) and 
restrained by test block containing 5 per cent bentonite. 





Fig. 17 — Section of casting poured at 1525 C and restrained 
by test block containing 20 per cent silica flour. 
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Fig. 18 — Section of casting poured at 1525 C and restrained 
by test block containing 4 per cent semi-solid. 
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Fig. 19 — Section of casting poured at 1575 C and restrained 
by test block containing 5 per cent bentonite. 







Fig. 20 — Section of casting poured at 1575 C (2867 F) and 
restrained by test block containing 20 per cent silica flour. 








Fig. 21 — Casting poured at 1575 C (2867 F). Test block 
contained 4 per cent semi-solid. 


organic binders at the higher pouring temperatures 
and freer contraction of the casting. 


TABLE 3 





Test Block Composition 


20 Per Cent 
Silica Flour 





5 Per Cent 
Bentonite 


Pouring ~ 10-Ib 


Organic Bond 


35-lb —«10-Ib 35-lb—«:10-Ib 35-Ib 











Temp. Casting Casting Casting Casting Casting Casting 
1525 C 
(2777 F) Notear Notear Notear Notear 4mm 3mm 
1575 C 
(2867 F) 3.0mm 35mm 40mm 5.0mm 10.00mm 8.9mm 
1625 C 


(2957 F) Notear Notear 24mm 2.0mm 20.0mm_ Notear 






















Conclusions 

By comparison with the smaller casting, the geom- 
etry and mass ‘of the larger casting, and the thermal 
conditions to which they give rise, have had little 
effect on the behavior of the clay bonded sands; 
they have, however, prolonged the time after pour- 
ing at which hot tearing occurs, and thereby they 
have enabled a more complete breakdown of the 
organically bonded sands to take place. 

Clay Bonded Sands. The conclusions drawn from 
the previous work in so far as they relate to clay 
bonded sands are applicable also to the larger cast- 
ing, namely: 

a) For similar densities dry sands resist the con- 
traction of the casting more than green sands. 
b) As the density of green or dry sand increases so 
does its resistance to the contraction of the cast- 
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Fig. 22 — Casting poured at 1625 C (2957 F). Test block 
bonded with 5 per cent bentonite. 





Fig. 23 — Casting poured at 1625 C (2957 F). Test block 
contained 20 per cent silica flour. 


Fig. 24— Casting poured at 1625 C (2957 F). Test block 
contained 4 per cent semi-solid. 

















ing increase with a corresponding increase in the 

likelihood of tearing. 

c) Castings restrained with compacts bonded with 
clays contain small tears. 

d) In the range of clay binders tested the greatest 
hindrance to contraction, and slightly larger tears, 
were associated with mixes containing fire clay 
and with bentonite plus 20 per cent silica flour. 
Organically Bonded Sands. The findings of 

the earlier work on the smaller casting, in so far as 

they refer to organically bonded sands, have not 
been substantiated. In the case of the larger casting 
it has been found: 

a) The tears in the larger castings when restrained 
with organic bonds are not nearly so large as 
those encountered in the small casting with sim- 
ilar bonds. 

b) Compacts bonded with linseed oil have low re- 
sistance to contraction and hence cause small 
tears in the casting. 

c) In the range of organic bonds tested slightly 
larger tears were associated with mixes contain- 
ing a semi-solid compound or phenol or urea 
resins. 

d) The addition of 15 per cent silica flour to a 
linseed oil mix caused only a slight increase in 
the extent of tearing. 

Pouring Temperature. Two of the findings of 
the earlier report relating to the effect of pouring 
temperature on the incidence of hot tearing have 
been confirmed, namely: 

a) Hot tearing is less likely to occur and is less 
severe in castings poured at low temperatures. 

b) High casting temperatures do not accentuate the 
tears in castings held by compacts bonded with 
clays. 

On the other hand, the conclusion in the earlier 
report that an increase in the casting temperature 
with castings restrained by compacts containing or- 
ganic binders makes the tearing more severe has 
been confirmed only up to a pouring temperature of 
1575 C (2867 F). At a pouring temperature of 1625 C 
(2957 F) no tearing occurs in the case of the larger 
casting. 
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General. The work has confirmed that the room 
temperature properties of molding materials car 
bear little relation to their behavior under casting 
conditions. For a given sand mix, however, it ha: 
been shown that certain of its room temperature 
properties, e.g., green or dry compressive strength 
have an effect on its behavior under casting condi 
tions and can affect the incidence of tearing. 

It is shown that a single type and size of test cast 
ing can give erroneous information if the results are 
applied to similar but larger castings. It would seem, 
therefore, that to investigate fully the effect of mold- 
ing materials on the incidence of hot tearing would 
necessitate comparable tests being carried out on a 
wide variety of castings of different size and design. 

A much more logical approach to the problem 
would be to determine the deformation under load 
characteristics of various molding media at room to 
steel-melting temperatures coupled with a quantitative 
determination of the effect that casting design has 
upon the occurrence of hot tearing. The provision of 
this basic information to the foundryman should 
enable him to determine the stress or strain concen- 
trations in his particular casting, whether they are 
likely to cause tearing, and what modifications in the 
sand mix, design of the casting, casting procedure, 
etc., he must make to mitigate tearing. 
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DISSOLVED GAS IN LIQUID CAST IRON 


Wm. Y. Buchanan* 


ABSTRACT 

Large volumes of gases are shown to be present in 
liquid cast iron. A method of collecting gas for analysis 
and measuring the rate of evolution is described. The 
bulk of these gases can be oxidized so that they are 
expelled during the reaction. Gas defects in cast iron 
castings can be reduced by removing a substantial part 
of the dissolved gas. 


Introduction 

The author’s first work on the subject of dissolved 
gases was carried out about 1927 when he was given 
the job of collecting and analyzing gases during solidi- 
fication of steel in ingots. A great deal of time and 
thought was given to the subject at that period by 
research workers and steel manufacturers and the 
bibliography is very extensive. 

In 1939, the author published details of research 
work of a similar nature on the collection and analy- 
ses of gases in cast iron. The difficulties of carrying 
out this line of research seem to have prevented the 
subject being pursued in general, since it is impossible 
to simulate or reproduce exactly foundry conditions 
in the laboratory, and equally difficult to introduce 
truly scientific methods in the foundry. 

A joint committee was formed in England, (at the 
author’s suggestion) some six years later, in order to 
study the question. An enormous amount of work has 
been done—all of which, however, deals with residual 
gases in the cold casting and the experimental diffi- 
culties in measuring these. The author is of the opin- 
ion that -this, while valuable as a long term piece of 
research, throws no light whatever on the foundry- 
man’s problem—the making of sound castings. 

The work of this committee has been pursued 
using vacuum fusion, measuring volumes of gases in 
parts per million taken from samples which contain 
no gas holes whatever. Apparently the technique re- 
quires not only expensive apparatus but very highly 
trained workers. Unfortunately, however, the gas hole 
trouble is a universal problem, which tends to attack 
small foundries even more than those which might 
have big enough capital to carry vacuum fusion equip- 
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ment. This is particularly so, when the small foundry 
has to make high duty irons with a short freezing 
range. In order to have any value to the foundry the 
measurement should be carried out on the spot, be- 
cause so many factors affect the situation, such as the 
methods of lining and drying of ladles and cupola 
runners, etc. 

The author further suggests that the presence of 
abnormal quantities of gases can be detected in the 
molten iron and corrected before pouring, so as to 
eliminate gas holes caused by dissolved gases at the 
source. 

The difficulties of carrying out the measurement of 
quantity of dissolved gases in liquid cast iron focuses 
attention on the procedure. While the author’s work 
of collecting and analyzing gases led to definite con- 
clusions which were amply verified in practice, the 
standardization of any such methods should be given 
immediate attention. For example, using a refractory 
bell it should not be entirely beyond the foundryman 
to establish a simple measuring device, similar in 
principle to a pressure gage used on automobile tires, 
whereby the foundryman can test the metal collecting 
at the spout of the cupola and state with confidence 
that the metal is either normal or abnormal in gas 
content—these measurements of course, being related 
to his own daily practice. This suggestion, while ex- 
cessively simple, should not be taken to mean that the 
author does not appreciate the complicated mechan- 
ism of gas reactions in the metal itself, but as far as 
the foundryman is concerned, a gas hole is a defect no 
matter what type of gas causes it. 

Collecting the Gas 

Due to the possibility of disturbing factors entering 
into the collection of gas from molten cast iron, it 
was thought necessary to find some method which 
could be readily repeated under foundry conditions 
so that ample verification of any work could be made. 
The method decided on was to use a cast iron bell 
(Fig. 1) which could readily be replaced and to draw 
off the gas from a standard foundry ladle, using the 
same ladle each time. 

Volumes might be calculated per unit area, but 
this also brings in the question of depth of metal. 
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Fig. 1 — Dimensions of cast iron bell used in collection of 
dissolved gases. 





Also, it is uncertain whether the gas collected will 
rise from the bottom in a vertical direction, although 
it does not appear to rise in bubbles but steadily and 
uniformly from the surface, as in slow evaporation of 
water, except in excessive gas evolution. The bell 
readily melted away under the surface of the liquid 
metal and had to be renewed for each test. 

In order to make the bell withstand liquid metal 
erosion, a refractory coating was tried out. The bell 
remained intact, and a great deal of work was done 
until it was found that this refractory coating gave 
off CO, as well as combined water. The work, there- 
fore, had to be discarded. Other cements were tried, 
but they also gave off CO., to the following extent: 
air setting refractory cement, 0.42 per cent; alundum 
cement, 0.42 per cent; and bentonite, 0.52 per cent 
when tested in stream of Os. 

No further attempt was made to preserve the bell. 
The present method is to bore and tap the bell without 
using oil and then sandblast the inside carefully, using 
a new bell for each experiment. It was also found 
necessary to clamp the bell so that no movement 
occurred during the sampling, as this would obviously 
affect the volume of gas delivered momentarily. 

A suitable stand was constructed, as shown in Fig. 2, 
to hold the ladle on one side, and the glass apparatus 
on the other side of a protecting partition which held 
the clamp. The level of the liquid metal was fixed by 
marking the ladle before filling. The height might be 
adjusted by means of a screw as shown. 

The ladle or shank was always filled with metal and 
allowed to stand, then the metal was poured out 
prior to the actual test in order to burn off any 
blackwash and thoroughly dry off the lining. This was 
done at least once, and often three times. Then the 
ladle was filled to the correct level with the metal to 
be tested, placed on the stand carefully and the bell 
lowered into position on a clean surface of metal. 

The bell was connected to the exhausting tube, as 
shown in Fig. 2, and all air and some gas drawn off. 
When the amount required to clear all air from the 
system was taken off, the sampling tube was switched 
into the circuit and the sample taken at atmospheric 
pressure, i.e. under no suction. Gas forming gas holes 
in a casting would come off first of all at atmospheric 
pressure, and later under a head of metal, but never 
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under suction in normal conditions. That there is 
large quantity of gas, was clearly demonstrated whe 
the exit end from the tube of the bell was kept closex 

The surface of the liquid metal rose above i 
normal level by 3% in., and when the tube was opene: 
this fell with the escape of gas. This happens eve: 
when no sign of gas bubbling can be seen, and whe: 
gas is actually seen to escape from the metal surfac« 
the volume of dissolved gases must be excessive. Th: 
same may be demonstrated if the bell is connected to : 
large bottle which has a water connection to a vertica 
glass tube or burette. The water displaced by the ga 
will be seen rising rapidly in the tube. 

From the point of view of its immediate application 
to practice, the volume of gas evolved is more im 
portant, since it may be assumed that a small volum« 
would tend to produce a smaller gas hole content than 
would a large volume. 

Several possible methods of measuring the volume 
were tried, and it was obviously best to collect over a 
range of temperature between reasonable pouring 
temperature and that of solidification. 

The method found to be best is that indicated in 
Fig. 2. The bell is lowered and clamped in the surface 
of the liquid metal, then with the clip (Fig. 2) open, 
the burette is placed alongside the large bottle and 
moved up and down till the levels are in line at zero, 
and the reading on the burette is noted. 

The clip is closed and as the water is displaced 
into the burette, it is lowered to keep the water 
levels in line, thus keeping the mixture of gases in the 
large bottle at atmospheric pressure. This saves a con- 
siderable amount of calculation or correction where 
gas is collected under suction and has to be converted 
to Normal Temperature and Pressure. The method 
has the advantage of considerable accuracy of meas- 
urement. If the two-way stop-cock is used to run 
quantities of water out of the burette, the volume 
measurement may be carried on indefinitely. 

It was found convenient to take readings of volume 
and temperature every 15 seconds and to make from 
these the time/temperature and temperature/rate of 
evolution graphs. The reason for plotting these graphs 
was to find whether there were ranges of accelerated 
evolution (such as during graphite separation) which 
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Fig. 2— Arrangement for measuring gas volume in liquid 
cast iron. 
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TABLE 1 — INFLUENCE OF VARIOUS TREATMENTS ON COMPOSITION OF GAs EVOLVED FROM CasT IRON 
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C ola Metal Composition, % Gas Analysis, % 

M.xture Furnace Treatment ts & me FP S- CO, O, CO H, CH, N 

Hord 54-in. balanced None 3.19 1.18 0.74 0.42 0.114 122 0.7 1167 Nil 426 43.8 
blast 

Bard rs None 3.22 128 0.87 048 0.120 0.76 Nil 129 374 083 48.1 

Soft ™ - None 3.46 1.78 096 0.40 0.091 0.43 043 23.9 $6.5 27.25 11.47 

Remelted borings 32-in. balanced None 3.00 2.38 0.72 0.54 0.116 Nil Nil 9.05 35.3 Nil 55.6 
blast 

All pig 18-in. cupola None 3.48 3.35 0.83 0.28 0.066 193 Nil 2927 1147 22 553 

Hard 54-in balanced 20z. scale, 60z. Al 3.37 152 0.76 043 0.108 3.8 Nil 46.0 37.0 8.0 5.1 
blast 

Soft ” s 30z scale only 3.20 2.26 0.99 059 0.196 Nil 0.3 12.14 38.1 22 472 

Soft . “ 60z scale only 3.53 1.92 0.94 047 0.094 048 Nil 14.1 63.9 17.2 4.22 

Soft . “a Soda ash 3.25 2.10 0.88 0.56 0.062 106 0.24 13.15 Nil 49.28 36.27 

Soft (wet ladle) we . Soda ash + scale No sample taken. 0.86 Nil 13.31 11.87 72 66.76 





TABLE 2 — QuANTITY OF GAs EVOLVED FROM VARIOUS TyPEs OF CAsT IRON THROUGH A TEMPERATURE RANGE 














Average 
Total Range of rate of 
Cupola volume, temperature. evolution Metal Analyses, % 
Mixture Furnace Treatment cc F cc/min Tc. Si Mn S P 
None 19.4 1140-1070 2084-1958 6.5 $26 2.18 0.73 0.103 0.55 
None 25.5 1200-1090 2192-1994 7.1 $.18 181 1.08 0.099 0.54 
None 40.6 1160-1090 2120-1994 9.6 $.28 243 0.90 0.105 0.55 
Rust 51.5 1160-1080 2120-1976 14.7 $40 221 083 0.104 0.60 
54-in. Soda ash 36.7 1110-1030 2030-1886 13.4 $3.14 223 082 0.072 0.63 
Soft iron balanced Soda ash 61.5 1220-1060 2228-1940 20.5 3.15 223 0.85 0.065 0.68 
blast 6 oz scale 44.2 1180-1080 2156-1976 11.8 $3.15 258 091 0.108 0.56 
Scale and Al 34 1220-1060 2228-1940 9.7 $3.21 2.18 093 0.107 0.61 
Soda ash and scale 17.5 1160-1090 2120-1994 8.8 3.10 1.66 0.83 0.083 0.50 
Soda ash and scale 44 1100-1040 2012-1904 25.2 No sample taken 
(wet ladle) 
None 38.3 1170-1080 2138-1976 10.2 3.30 099 0805 0.118 0.43 
54-in. None 39.1 1180-1060 2156-1940 11.2 3.17 128 1.00 O.111 0.48 
Hard iron balanced None 39.9 1180-1050 2156-1922 10.0 No sample taken 
blast 2 oz scale 28.0 1140-1075 2084-1967 12.4 3.55 1.03 0.715 0.124 0.43 
3 oz scale 25.9 1160-1040 2120-1904 8.0 3.36 122 0.76 0.119 0.40 
Remelted None 44.5 1170-1090 2138-1994 13.7 3.16 199 0815 0.130 0.54 
borings 6 oz scale 21.6 1170-1090 2138-1994 7.2 2.99 1.74 084 0.118 0.48 
All pig 18-in. None 88 1240-1130 2264-2066 27.1 $48 3.35 1.03 0.066 0.28 
72% pig and cupola None 39.8 1140-1080 2084-1976 15.9 $3.27 268 0.75 0.100 0.58 
28% scrap 





may be useful as an indication of possible methods of 
treatment of the metal. The temperatures were taken 
by a Wanner type optical pyrometer and no correc- 
tions applied, as this instrument has been used for 
years daily on the measurement of tapping and pour- 
ing temperature. 


Discussion of Results 

Although a special study could be made of the 
reaction of gas analysis of the metal to melting condi- 
tions, it seems that the gases exist in cast iron in no 
fixed proportions but merely in those proportions in 
which they happen to be available finally. It also 
seems likely that they may combine on coming out of 
solution. 


Oxygen, as such, does not exist, and this fact is not 
difficult to accept, considering the large quantities of 
carbon, silicon, manganese, sulphur and iron at high 
temperature available for reaction. Some results ob- 
tained in experiments are shown in Tables | and 2. 

Carbon dioxide, too, is unlikely to exist in quantity 
due to the well-known CO, + C=CO reaction at 
high temperatures. 

Hydrogen appears to exist in large quantities in 


the free state associated with carbon monoxide. These 
could be formed from the action of steam and carbon: 
C+ H,O =CO-+ Hg. 

The presence of nitrogen would, of course, be ac- 
counted for by the large residual volume in the fur- 
nace gases after combustion was complete. The pres- 
ence of CH, or methane is erratic, and no explanation 
is offered at the moment, but this is affected by oxida- 
tion as shown producing CO and H, from CHg. 

It is obvious that a systematic study of the com- 
position of gas in cast iron related to melting condi- 
tions, i.e., to air supply, patching conditions, slag 
volume and constitution, nature and size of charge 
and furnace gases is necessary and would make a 
welcome addition to the metallurgy of cast iron. 

From the examples given it can be shown that 35 
to 90 per cent of the gases are subject to oxidation 
treatment, and for the purpose of removal some 
straightforward solid oxide treatment is indicated. 

In any experiments on gas oxidation, however, the 
volume measurement becomes essential, as apparently 
the oxidation process does not oxidize and remove the 
combustible gases only but removes nitrogen by agita- 
tion or a sort of washing process. 











Fig. 3 — Method of securing gas samples free from air. 


Then, since the gas analysis sample and the volume 
test were not done simultaneously, there may have 
been a difference in the gas compositions of the ladles 
used, whereas for direct comparison of the effect of 
treatment they should have been the same. These dif- 
ferences can be counteracted only by generous dupli- 
cation of the tests. 


Rust Treatment 

The first gas oxidation tests were carried out using | 
oz of ground rust (probably hydrated) to the shank 
containing 78 lb of metal. This gave a vigorous reac- 
tion. Then 2 oz of aluminum alloy scrap was added 
to take up excess of oxide. This appeared to absorb 
the oxide film, but was very difficult to skim, and 
would probably lead to trouble in pouring. The result 
of this experiment showed a decided increase in gas 
content due to the treatment. The volume was, in fact, 
doubled, and it was decided that any oxides such as 
brown or red hematite would be unsuitable. Mill 
scale, which is usually plentiful, was found suitable, as 
it is easily granulated and graded and is, of course, 
nonhygroscopic. 

Mill Scale Additions 

Systematic tests on the use of powdered scale show 
that very heavy scale additions can be used without 
causing any reduction of the total carbon. They also 
show that this reduction of percentage of carbon does 
not take place in the presence of even low silicon, 
e.g., 14 lb of scale added to 5 cwt of liquid cast iron 
produced a copious gas evolution, but the analysis of 
the metal was 3.10 per cent T.C., and 0.84 per cent Si 
before treatment, and 3.05 per cent T.C., and 0.43 
per cent Si after treatment. These figures showing no 
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real change in the carbon content. It seems german 
to stress that, in any scale treatment, the quantit 
added should be kept to the minimum, and all rea 
tion must be completed some time at least befor 
casting. 

Mill scale gave the best reduction; a rapid reactioi 
took place, which was complete in a short time afte 
the ladle was filled, and appeared to cause no decreas: 
in temperature—probably due to the exothermic re 
action or thermit effect. The resultant slag was ap 
parently a silicate of iron, as the composition wa 
43.24 per cent Fe and 33.98 per cent SiO,. It rosé 
readily and formed a light, but solid, crust which was 
easily skimmed. In fact, it did not require skimming 
as it would not flow and tended to collect to itself 
any other oxide films. 

One interesting point in the treatment of cast iron 
with scale is that it appears to reduce the sulphur 
slightly. For instance, an untreated metal showing 
0.103 per cent sulphur, when treated with 0.6 per 
cent scale gave 0.098 per cent sulphur, that is a 5 per 
cent reduction. 

The effect on volume of gas is illustrated in Fig. 4 
The total volume has been reduced to about half that 
in the untreated sample. This shows the gas evolution 
from remelted borings melted in the loose form, a 
charge of 73 per cent loose borings and 27 per cent 
pig iron. It is interesting to note that gas evolution is 
small in spite of the extreme fineness of the material 
charged to the cupola: 








Gas 
Total Temperature Evolution, 
Volume Range, degrees Rate, 
of Gas, cc C F cc per min 
Untreated 44.5 1,170-1,090 2138-1994 13.7 
Treated with 
6-02. scale 21.6 1,170-1,090 2138-1994 7.2 





Soda Ash 

It should be stated here that all metal melted and 
referred to in these notes, except that melted in a 
small 18-in. cupola, had regular additions of soda ash 
to the charges to keep the slag in good condition. This 
will undoubtedly have a beneficial effect on the metal 
in the ladle, but granular soda added to the ladle itself 
has been widely advocated as a method of degasifying 
metal. The intention is to remove the gas by a sort of 
washing process due to CO. liberated from the soda 


REMELTED CAST IRON BORINGS 
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Fig. 4— Effect of scale treatment on rate of evolution of gas. 
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ah and rising in large bubbles through the metal. 
[he test carried out showed the usual violent reac- 
ton on pouring metal on the soda ash. The bell was 
p.aced in position after the usual interval of time and 
tie gas collected from the metal and slag. The cooling 
e‘fect of the soda ash was responsible for the freezing 
process being more advanced than usual at the end of 
the test, but temperatures could not be taken through 
the slag. Gas escaped freely through the center of the 
bell where the slag remained fluid. 


EvoLvep GaAs, PER CENT 
CoO, O» CO H, CH, No 
11.5 0.19 135 Nil 40.43 46.55 


Comparing this analysis with others when the soda 
slag is kept out of the small ladle used for tests, it is 
seen that CO, comes off the slag, but in coming 
through the metal it is converted to CO, and this is 
in itself an oxidation process. 

The volume of gas found in iron treated with soda 
ash is greater than in the untreated metal. 

The addition of scale to soda ash appears to effect 
the desired degasification with a reduction of the 
heat loss, and probably more efficient purification. 


Effect of Wet Ladle 


An improperly dried ladle may cause a considerable 
increase in the gas content, even though the evolution 
of gas is impossible to detect by sign of bubbling in 
the metal. The volume may be increased from 17 
to 44 cc total volume, and the rate of evolution from 
8 cc per minute to, say, 25 cc per minute, to quote 
figures from an example in which no gas evolution 
was showing in the surface of the ladle. When actual 
boiling is evident, the increase of gas content will be 
much greater. 

Type of Furnace 

It was found that the gas content in the metal from 
the balanced-blast cupola was uniformly low in both 
high- and low-silicon cast irons. In general, the use of 
light scrap, which causes gassy metal in the ordinary 
cupola, makes no difference when using the balanced- 
blast cupola. 

To test an extreme case of this kind, measurement 
was made of the gas content of loose cast iron borings 
(most of which was rather fine) melted in a 32-in. 
balanced-blast cupola. This was dead quite in the 
ladle, and gave only 44 cc total volume, associated 
with a gas evolution of 13.7 cc per min between 
1,170 and 1,090 C (2138-1994 F). 

For comparison, a small 18-in. bore ordinary cupola 
was tested. This has a blast supply in excess of that 
required, and it cannot be evenly distributed due to 
the small diameter. When melting an all-pig charge 
this gave a gas content of 88 cc during the cooling 
range at an average rate of 27 cc per min. This fur- 
nace would be generally classed as giving “good hot 
metal”. 

The same furnace melting 28 per cent light scrap 
and 72 per cent foundry pig gave an evolution of 
15.9 cc per min between 1,140 and 1,080 C (2084- 
1976 F). The metal, however, showed a distinct boil 
above the tested ranges when the gas content must 
have been high. 














Fig. 5—- Example of gas pocket caused by dissolved gas 
coming out of solution in the mold. 


Examples from Practice 

It can be generally stated that melting high per- 
centages of scrap or by remelting several times and 
maintaining low total carbons, the percentage of gas 
hole defects is much higher than in mixtures con- 
taining high percentages of pig iron. However, it is 
rather difficult to furnish concrete examples which 
can solely be attributed to dissolved gas. 

A gas pocket which seems typical carries a perfect 
outside shell, and the cavity is detected only by ham- 
mering, sometimes very heavily. 

Figure 5 shows such a defect in an apron for a 
lathe. This had a cut gate on the parting, four risers, 
and two 4-in. whistlers on each of the corner projec- 
tions, which are only about 1% in. broad at the top. 
This defect was persistent even with all these pre- 
cautions, and produced six “wasters” in a batch of 18. 
The molds were made on a roll-over machine, and oil 
sand was used for core making. The scale and soda-ash 
treatment was applied, and this produced sound cast- 
ings, whereas on a repeat untreated test, three de- 
fectives were had from a batch of six castings. This 
seems to support the line of investigation carried out 
for these notes. 

Conclusions 

1. Sparking is said to indicate oxidation, i.e., gassy 
metal. This appears to be incorrect, as sparking oc- 
curs at high temperature and low silicon range, where- 
as the gas volume may be much greater in high- 
silicon iron. 

2. Fluidity and life must play an important part 
in the ultimate importance of the quantity of gas 
present, as, for example, good castings can be had 
from high-phosphorus or high-carbon, high-silicon, 
medium-phosphorus iron even with excessive gas con- 
tent, but the element of risk will always be present, 
of course. 

3. Moisture is the cause of most gas formation in 
cast iron. 

4. Gas escaping rapidly through metal may to a 
certain extent delay freezing locally. 

5. In high-duty irons the presence of gas is more 
serious than in low-grade irons, due to the tendency 
to low fluidity and life in these irons. 

6. Apart from the many cases of gas holes, dis- 
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solved gas must always be an additional contributing 
factor. 

7. Some research on the matter should establish the 
permissible volume of gas in molten cast iron. Ex- 
amples of good and bad gas content are given in these 
notes. 

Having demonstrated the large volumes of gaseous 
elements present in liquid cast iron and the important 
effect of cold ladle additions both in increasing and 
reducing this volume of gas, it is obvious that the 
metallurgist should include, in all his research on 
metals, the measurement of gas content and composi- 
tion. Ladle treatment for desulphurization and graph- 
ite modification may, in certain conditions, reduce 
gas content, while in others, cause considerable in- 
crease. Materials may become appreciably hygroscopic 
by virtue of fineness of grinding in addition to cases 
when the material itself is strongly hygroscopic. 


DISCUSSION 


Chairman: C. K. Donouwo, American Cast Iron Pipe Co., 
Birmingham, Ala. 

Co-Chairman: R. A. CLARK, Electro Metallurgical Co., Div. of 
Union Carbide & Carbon Corp., Detroit. 

R. C. WittiaMs and H. W. Lownie, Jr.! (Written Discussion): 
The author reports on a technique which is interesting, but 
which gives results that are puzzling. For example, the amounts 
of gas collected from the iron by the author were only a very 
small proportion of the amounts of gas believed to be present 
in liquid cast iron. 

Consider for a moment the amounts of gas believed to be in 
liquid cast iron if the large mass of prior thermochemical and 
thermodynamic research by other persons is valid. Liquid cast 
iron is believed to contain up to about the following amounts 
of dissolved gas: 


Gas Content, % by weight 





02 0.004 
N2 0.004 
He 0.0004 

Total 0.0084 


If the oxygen content is expressed as CO, as it was in the 
paper, the following amounts of gas should represent about the 
amounts that prior investigators believe are present in ordinary 
molten cast iron. 


Gas Content, % by weight 





co 0.007 

Ne 0.004 

He 0.0004 
Total 0.0114 


If the author’s experiments are considered to be concerned 
with a cylinder of cast iron 5 in. in diameter and 6 in. deep, 
this involves about 30 lb of iron, or about 14,000 grams. From 
this, the theoretical amounts of gas that might be evolved are 
about as follows: 


Theoretical Amounts of Gas in 14,000 Grams 


of Molten Cast Iron 
grams cc 


co 14,000 x 0.00007 = 0.98 795 
Ne 14,000 x 0.00004 = 0.56 455 
He 14,000 x 0.000004 — 0.06 680 
Total 160 1930 


From this, it can be seen from the author’s Tables 1 and 2 
that he has measured only a very small fraction of the amount 
of gases believed by others to be present in molten cast iron. 
The data in the paper do not convince us that the measure- 
ment of a small fraction of the total gas content of the iron can 
be used as a reliable control test or research tool. The reported 
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technique appears to involve variables difficult to control. 

In the early part of his paper, the author implies several times 
that some of the irons he dealt with contained abnormally large 
amounts of gas. This implication is not substantiated by any of 
the reported data. 

The paper states that an addition of scale and soda ash 
corrected abnormally large gas contents in the iron. This does 
not appear to be substantiated by the data in Tables 1 and 2 
which show that low gas contents of about the same amounts 
were evolved from both untreated and treated irons. 

The section of the paper labeled “Conclusions” appears to 
be a series of gratuitous statements unrelated to the experimental 
work and unsubstantiated by the reported data. 

There is a serious question in our mind whether the sug- 
gested technique is basically suitable for evaluating the quality 
of cast iron with respect to its gas content. 


D. E. Krause? (Written Discussion): The author has employed 
a rather ingenious method for measuring the gas content of 
molten cast iron. The author also correctly points out the 
vacuum fusion analysis on solid samples may not give useful 
information when gases are suspected of being the cause of 
unsound castings. 

The author expressed some surprise over a negligible loss of 
carbon upon treatment with mill scale. ‘The reason for the low 
carbon loss is the low temperature of the iron at the time of 
treatment. If the author would refer to the work of Heine and 
Lange, AFS Transactions, vol. 59, pp. 472-487 (1951), “Some 
Effects of Temperature and Melting Variables on Chemical 
Composition and Structure of Gray Irons,” he would find that 
at temperatures below about 2600 F, silicon will oxidize in 
preference to carbon while above this temperature carbon will 
oxidize in preference to silicon with free or gaseous oxygen, and 
silicon will oxidize in preference to carbon at all temperatures 
of molten iron with oxygen as FeO or mill scale. 

The defect shown in Fig. 5 is not necessarily a result of gases 
in the iron from the melting furnace. This defect could be 
caused by an improperly designed gating system which aspirated 
air or mold gases into the iron. 

In regard to the lower sulfur content after treatment with mill 
scale, this could be an analytical error. Treatment with iron 
oxide or mill scale alters the structure of the manganese sulfide 
inclusions so that they may contain some manganese silicate. 
If the evolution method was used in sulfur analysis, the iron 
samples should have first been annealed in order to release all 
of the sulfur present. 

It has been the writer’s experience that wherever solid iron 
comes in contact with molten iron, some gas evolution takes 
place. Pessibly some of the gases obtained are a result of a 
reaction between the cast iron bell and the molten iron rather 
than coming from the iron directly. 

In regard to Paragraph | in the conclusions, sparking of iron 
is of two types. The type referred to is characteristic of low 
silicon iron as the small particles of iron ejected from the iron 
burst and make a spark. Higher silicon irons (3.50 T.C. and 
2.50% Si) when tapped from the cupola above 2800 F often 
eject small beads of iron the size of poppy seed. These beads 
do not burst, however, and look like a thin layer of black sand 
around the top of a 1000-Ib ladle. 

If the eye is sighted along the surface of the iron as the ladle 
is being filled from the cupola, the surface has very much the 
appearance of the top of a glass of carbonated water. This 
phenomenon disappears about 5 to 10 seconds after the Jadle is 
filled. It is suspected that the iron is supercharged with gases 
as it passes through the melting zone. 

Co-CHAIRMAN CLARK: In some sketchy experimentation to 
determine the effect of nitrogen on shrinkage, addition of 0.01, 
0.02 and 0.04 per cent nitrogen as 5 per cent nitrogen ferro- 
manganese were made to 50-lb hand ladles of soft gray iron. 
Sections, 4x 3 in., appeared to show slightly increased internal 
porosity and possibly very slight gas porosity at the surface in 
the 0.01 and 0.02 per cent additions. The 0.04 per cent addition 
resulted in very severe gas porosity in the casting. 

Mr. BucHANAN (Author’s Reply to Discussion): As clearly 
stated, the paper was intended for foundrymen and the object 
was to suggest an empirical method of detecting abnormal gas 
evolution during solidification. 


1. Battelle Memorial Institute, Columbus, Ohio. 
2. Gray Iron Research Institute, Inc., Columbus, Ohio. 
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Che data were severely cut down to save printed space and 
iplify presentation. 
[he conclusions are based on a large number of practical 
indry experiments coupled with about 30 years foundry 
servation from close range and the author has avoided 
yetition of what is “believed” by others. 
Any “volumes” mentioned in the paper are clearly those 
served by this method carried out exactly as described. 
Chere is no justification for the assumption that the gas 
ilected comes from a cylinder of liquid 5-in. diam. and 6-in. 
ep. This should first be proved by practical measurement. 
The total quantity of gas is of no interest to the foundryman, 
il that he is concerned with is that surplus quantity which 
would come out of solution during solidification and after the 
formation of the casting skin under particular mold conditions. 
The fact that the work is difficult to carry out to definite and 
immediate conclusions is no reason to abandon the foundryman 
to his troubles year after year. 
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The author will readily agree that the method should be 
superseded but first let us have something to supersede it. 

The author would agree almost entirely with the contribution 
of Mr. Krause exctpt to repeat that in the case of the repeat 
casting Fig. 5, those cast from iron treated with scale and soda 
ash produced sound castings all other conditions being stand- 
ardized while the defect occurred in those cast from untreated 
iron. The author would agree that this evidence is rather in- 
conclusive and it would have been more convincing to produce 
say thousands of good castings by treated metal and thousands 
of bad ones from untreated metal. 

However, since the variables change all the time, such ex- 
amples are difficult to isolate, and again the foundry must have 
1 leaning towards producing good castings for sale rather than 
bad ones to fill up tables. 

If the paper has drawn some attention to the subject it has 
served its purpose and the author thanks those who have taken 
part in the discussion, and the presentation of it in his absence. 











HARDENABILITY OF DUCTILE CAST IRON 


C. C. Reynolds,* W. T. Whittington,** and H. F. Taylor*** 


ABSTRACT 
The hardenabilities of many different composition 
ductile irons were measured and a method for calcu- 
lating hardenability from chemical composition pre- 
sented. Hardenabilities of ductile iron and steel were 
compared. Also, relations between hardenability, sec- 
tion, and severity of quench were established. 


The development of cast iron having as-cast graph- 
ite in the form of spheres instead of the usual flakes 
made possible a new engineering material that is 
becoming increasingly important. The design engi- 
neer has sufficient information on mechanical prop- 
erties and casting characteristics to make use of duc- 
tile iron’s properties. 

Presently, ductile iron is used chiefly either as-cast 
or fully annealed with the annealed material being 
used where more ductility is required than is usually 
present in the as-cast material. It has been shown 
that a quench and temper heat treatment produces 
improved mechanical properties of 150,000 psi tensile 
strength and 2-5 per cent elongation as compared 
to as-cast pearlitic ductile iron of 100,000 psi tensile 
strength and 2-5 per cent elongation. 


Predicting Hardenability 


Quenched and tempered ductile iron will be used 
in applications such as dies, gears, and high-speed 
machinery where more strength is needed than ob- 
tainable with as-cast pearlitic ductile irons. Differen- 
tial quenching will be used in applications requiring 
a hard surface and tough core. The purpose of this 
investigation was to measure hardenability of differ- 
ent composition ductile irons and find a method of 
predicting hardenability from chemical composition. 

The standard Jominy bar and quenching apparatus 
utilized for measuring hardenability of steels was 
used for tests on ductile iron. The testing procedure 
consists of austenitizing a l-in. diameter cylinder, 
water-quenching one end so that heat flow is uni- 
directional along the cylinder axis which establishes 
different cooling rates along the length of the bar, 
and reading hardness along the direction of the 
cylinder axis to correlate microstructures with rela- 
tive position from the quenched or cooling rate. 





*D.L.C. Staff, **Former Research Assistant, and ***Professor 
of Metallurgy, Massachusetts Institute of Technology, Cam- 
bridge, Massachusetts. 





Since cooling rate can be correlated with shape, 
section size and severity of quench by heat flow 
considerations, the Jominy test describes the heat 
treating behavior of the ductile iron tesed. Figure | 
shows typical microstructures produced at different 
distances from the quenched end of the Jominy bar. 

In order, commercially, to quench successfully it 
is necessary to know: 1) how long the piece must 
be at austenitizing temperature to obtain austenite 
that is homogenous; and 2) the effects of different 
austenitizing temperatures. Figure 2 indicates that 
within 5 min after the piece is austenitized at 1750 F 
the piece is completely austenitic. Jominy test at 
time intervals between 15 min and 6 hr at 1750 F 
indicated that time was not an important factor in 
austenitizing once the piece was thoroughly heated. 


Austenitizing Temperatures 


Figure 3 and Table | show that different austenitiz- 
ing temperatures between 1600 and 1850 F have 
little effect on hardenability. For the composition 
investigated, 1550 F was too low a temperature for 
forming all austenite and having the austenite 
homogenous. The main precautions to take in aus- 
tenitizing are to have the piece above the A, band 
into the austenite region and have it heated uni- 
formly throughout. In addition ductile iron was not 
found sensitive, in the austenitizing ranges investi- 
gated, to austenitic grain growth which can occur 
when heat treating steels. 

Hardenability tests were conducted with carbon, 
silicon, manganese, phosphorus, and residual mag- 
nesium varying singularly, Figs. 4 to 6, and carbon, 
silicon, manganese, nickel, and chromium varying at 
two different per cent levels in all possible com- 
binations. Typical sets of Jominy curves are given 
in Fig. 7. Molybdenum and vanadium were investi- 
gated in separate tests. To utilize these tests the 
half-hard criterion was used as a standard for harden- 
ability (Fig. 4). This represents a microstructure of 
half martensite and half transformed product (usual- 
ly pearlite) with a hardness halfway between the 
maximum hardness at the quenched end and the 
hardness where the curve straightens after dropping 
to the lower hardness range. 

After determining the location of this half-hard 
microstructure and hardness on the Jominy bar the 
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11.5/16 in. 


1646 in. 


Fig. 1— Ettects of different distances (cooling rates) from 
the water-cooled end of the Jominy bar on the microstruc- 
tures. (3% C and 3.17% Si.) Nital etch. Approx. 400X. 
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Fig. 3 — Ettects of austenitizing temperature on micro- 
structures of water-quenched specimens. (3.44% C and 
1.76% Si, 1 hr of temperature.) Nital etch. 100X. 


distance is converted to an “ideal diameter” by Fig. 8. 
This “ideal diameter” is defined as the diameter of 
a cylinder ideally quenched which will be half hard, 
that is, half martensite and half transformed product. 
Ideally quenched is a theoretical consideration where 
the surface of the cylinder is instantaneously brought 
and maintained at the quenching temperature. Prac- 
tical quenches such as oil or water quenches have 
been correlated with ideal diameter and _ ideal 
quench. 

The measured ideal diameter as changed by vari- 
ations in the elements normally present in ductile 


iron are presented in Fig. 9. The most satisfactory 
and accurate method of correlating the data and 
developing a method of predicting hardenability from 
chemical composition was to say that each element 
increased or decreased hardenability independently 
and the individual effects were multiple. 

It was further necessary to say that a specific in- 
crease or decrease in hardenability caused by chang- 
ing composition was dependent upon hardenability 
prior to the change. This amounts to saying that a 
change in composition results in a percentage change 
in hardenability. Similar reasoning is used in pre- 
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Fig. 4— Effects of carbon and silicon (0-3%) on harden- 
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Fig. 5 — Effects of silicon (3-4.5%) and manganese on 


hardenability of spherulitic irons. 


TABLE 1 — AUSTENITIZING TEMPERATURE EFFECTS 


Composition: 3.44% C, 


ON CHEMISTRY AND HARDENABILITY OF 
SPHERULITIC IRON 

1.76% Si, 0.27% Mn, 0.04% P, 

0.016% S, 0.061% Mg, and 0.72% Ni 








Temperature, F 1550* 1650 1750 1850 
1) Quenched Specimens 
Combined Carbon, % 0.96 0.83 0.77 0.79 
Graphitic Carbon, % 2.37 2.31 2.07 1.99 
Total Carbon, % 3.33 3.14 2.84 2.78 
Air Quenched Hardness, Re 25.5 24 30 29 
Water Quenched Hardness, Re 59 57.5 56 52.5 


2) Jominy Bars 


Maximum Hardness, Re 58 56 57 52 
Half-Hard Distance — 
Sixteenths 6 11 10.4 94 
Maximum Hardness of 
Pearlite, Ro 30 33 35 37 
Location of Maximum Pearlite 9 14 14 12 
Hardness — Sixteenths 
Pearlite Re Hardness at *%, 25 30 30 28 


*Some prior structure or concentration gradients retained. 





TABLE 2— COMPARISON OF ALLOY CONTRIBUTION 


TO THE HARDENABILITY OF STEEL AND 
SPHERULITIC IRON 








Steel Spherulitic Iron 
Element Slope (M.F./% Slope (M.F./%) 
Mn 3.3 0.54 
Mo 3.0 1.1 
P 2.5 -2.8 
Cr 2.2 1.9* 
Vv 18 0.43 
Si 0.7 0.20 
Ni 0.4 0.24 


*Value influenced by stable carbides. 
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Fig. 6 — Residual magnesium effect on hardenability of 
ductile iron. 
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Fig. 7 — Ettects of phosphorus and alloys (Si, Mn, Ni) on 
hardenability of spherulitic irons. 
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dicting hardenability of steels. The percentage 
changes for the various elements is plotted in Fig. 10 
together with the base hardenability as affected by 
carbon content. 

An example of calculating hardenability from com- 
position by Fig. 10 follows. Chemical composition is 
%C-3.6, %Si-2.5, %P-0.07, %Mn-0.35, and %Ni-1.0. 
From %C-3.6 we find the base hardenability, D,, is 2 
and the multiplying factors for the other elements are 
Si-1.5, P-0.8, Mn-1.15, and Ni-1.25. The ideal diameter 
(D,) is found by multiplying all the factors and D, 


together: 
D, = 2x 15x 08 x 1.15 x 1.25 = 3.45. 


Data from heat No. 3 (3.0% carbon, 3.17% silicon, 
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Fig. 8 — Relationship for a given microstructure between 
the distance on a Jominy bar and ideal diameter. 
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Fig. 9 — Effects of chemistry on ideal diameter, based on 
halt martensite microstructure, for spherulitic irons. 
0.42%, manganese, 0.036%, phosphorus, and 0% 
nickel) will illustrate use of the charts in Fig. 10, 
and will offer a comparison between measured and 
calculated hardenability. The half-hard structure 
occurred at 11.7/16 in. on the Jominy bar, Fig. 4. 
From Fig. 8, 11.7/16 = 0.77 in. from the water cooled 
end corresponds to a value for D, of 3.84-. To calcu- 
late hardenability for this chemistry, the base D, is 
found for 3.0% carbon on Fig. 10 —2.1 D.. This is 
multiplied by the factor of 1.64 for silicon, 1.23 for 
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m«nganese, and 0.9 for the phosphorus present; thus 
D = 2.1 x 164 x 1.23 x 0.9 = 38+. The value 
measured experimentally for D, was 3.8+, which 
corresponds with the calculated value. 

Usefulness of any method of correlation is meas- 
ured by the accuracy of the calculated value when 
compared to the measured or actual value. Gross- 
man’s method for steel is accurate to +15 per cent. 
(he correlation for ductile iron is also accurate to 

15 per cent—if reasonably accurate chemical anal- 
yses are used. While more accuracy would be de- 
sirable, this correlation will serve for most practical 
purposes; it is quite remarkable any dependable re- 
lationship exists for spherulitic iron considering the 
number of variables present. 

Section size of the original casting will affect size 
and distribution of the graphite which, in turn, 
should produce a change in hardenability similar to 
that resulting from different levels of total carbon. 

In comparing hardenability of ductile iron and 
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Fig. 10 — Prediction of hardenability from chemical com- 
position for spherulitic cast irons. 
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severity of quench. 


steel it is necessary to compare: 1) the absolute ideal 
diameter, D, resulting from carbon content and 
austenitic grain size, and 2) the increased harden- 
ability resulting from addition of alloys which can 
be measured by slope of the curves for multiplying 
factors for each alloy. The absolute hardenability of 
steel is independently a function of austenitic grain 
size and carbon content, but ductile iron absolute 
hardenability can be measured by carbon content 
alone for a given section size. Typical absolute ideal 
diameters are D, =0.8 for steel and D,=2 for 
ductile iron which indicates a much higher absolute 
hardenability for ductile iron. 

Table 2 compares alloy contributions to harden- 
ability of steel and ductile iron. It is seen that alloys 
do not always act similarly in steel and ductile iron, 
and that alloys are much more effective in increasing 
the hardenability of steel than ductile iron. The two 
effects are competitive in that ductile iron has high- 
er hardenabiliy than steel when no alloy additions 
are considered, and as alloys are added, either nor- 
mally present or added intentionally, hardenability 
of steel increases more rapidly than hardenability of 
ductile iron. The final hardenability may be higher 
either for steel or ductile iron depending upon the 
number and amounts of alloys present. 

Since the foundryman is usually not interested in 
quenching only round bars, Fig. 11 was constructed 
from various data? to include quenching of bars, 
cylinders, plates, cubes, and spheres. Figure 11 is 
less accurate than the separate original data, but it 
was thought the convenience justified the loss of 
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accuracy since the purpose of this paper is to pro- 
vide a basis for an educated first try for selecting a 
composition and heat treatment. The final solution 
must be determined by trial and error. 

The following conclusions may be drawn from the 
work presented. 

1. When reduced to considerations of carbon and 
grain size only, ductile irons were found to possess 
higher hardenability than plain eutectoid steels. 

2. By inference from the data obtained it appears 
austenitic grain size of ductile irons is not an im- 
portant factor in hardenability. 

3. In general, the effects of elements on harden- 
ability of ductile irons are similar to their effects 
on hardenability of steels and are the product of 
amount present; exceptions are a) phosphorus re- 
duces hardenability, b) the relative powers of the 
different elements is changed slightly, c) silicon, to 
about 3 per cent, increases hardenability and above 
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this amount decreases it, and d) relatively large 
amounts of the various elements are less effective 
ductile irons than in steels. 

4. Hardenability of ductile irons was found to |} < 
as predictable, on basis of chemistry, as has bec 
determined the case for steels. 
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THE SCABBING DEFECT 


A Progress Report By 


AFS Sand Division Committee 8-J* 


Introduction 


This is a progress report on the continuation of 
the project initiated in 1948. The first progress re- 
port is published in AFS Transactions, vol. 57, pp. 
400-408 (1949). A second progress report is recorded 
in AFS TRANSACTIONS, vol. 59, pp. 99-107 (1951). 


To date, 53 sands have been evaluated. Some 36 
of these have been submitted by iron foundries using 
both the natural and synthetic sands. The others 
used synthetic sand mixtures formulated by the Com- 
mittee to achieve a range of sand properties. This 
report is a study of the test data obtained, evaluat- 
ing the affects on scabbing tendencies of sands num- 
bered 35 through 52. 


It is this Committee’s object to provide the Found- 
ry Industry with a test procedure to control scabbing 
tendencies of molding materials, and also to suggest 
a means of correction by the adjustment of sand 
properties as used in the course of this investigation. 


*Membership of 8-J Committee on Physical Properties of 
Iron Molding Materials at Elevated Temperatures is as follows: 
Chairman, R. L. Doelman, Miller and Co., Chicago; Vice Chair- 
man, E. J. Passman, Frederic B. Stevens Co., Detroit; Secretary, 
W. A. Spindler, College of Engineering, University of Michigan, 
Ann Arbor; B. L. Baptist, Beloit Iron Works, Beloit, Wis.; R. W. 
Bennett, Walter Gerlinger Inc., Milwaukee; K. S. Brooker, 
American Foundry Co., Milan, Mich.; John Coffey, Gunite 
Foundries Corp., Rockford, Ill.; H. W. Dietert, Harry W. Dietert 
Co., Detroit;. J. A. Gitzen, Delta Oil Products Co., Milwaukee; 
R. L. Gollmar, Elyria Foundry, Div. Industrial Brownhoist 
Corp., Elyria, Ohio; R. A. Green, Eastern Clay Products Dept.; 
John Grennan, Retired from University of Michigan, Ann 
Arbor; H. J. Jameson, Detroit Testing Laboratory, Detroit; 
\. Johnson, American Radiator & Standard Sanitary Co., Buf- 
falo, N. Y.; Burdette Jones, John Deere, Waterloo Tractor Works, 
Waterloo, Iowa; Dan Jones, Illinois Clay: Products Co., Jack- 
son, Ohio; G. A. Kelley, Standard Sanitary & Dominion Radia- 
tor Ltd.; Roy Korpi, Ford Motor Co., Dearborn, Mich.; Kurt 
Miericke, Baroid Sales, National Lead, Chicago; Charles Morri- 
son, Dayton Malleable Iron Co., Ironton, Ohio; A. E. Murton, 
Dept. Mines & Tech. Surveys, Ottawa, Canada; E. N. Rousser, 
Ford Motor Co., Cleveland; V. M. Rowell, Archer-Daniels-Mid- 
land Co., Cleveland; D. E. Shields, Packard Motor Car Co., 
Detroit; E. W. Smith, E. W. Smith Co., Chicago; L. E. Taylor, 
Goebig Mineral Supply Co., Chicago; A. P. Volkmar, Fairbanks- 
Morse Co., Beloit, Wis.; G. F. Watson, American Brake Shoe 
Co., Mahwah, N. J.; R. E. Wilke, American Radiator & Standard 
Sanitary Corp., Buffalo, N. Y.; E. C. Zirzow, Werner G. Smith, 
Inc., Cleveland; E. C. Zuppann, Oliver Corp., South Bend, Ind. 


5-8 





123 


Committee 8-J’s method of operating is unique, as 
actual castings are produced first, and then the lack 
of, or the intensity of the defect on the casting, is 
plotted against sand properties to develop a test 
procedure sufficiently sensitive to predict these dif- 
ferences. 


Foundry Procedures Used at University 
of Michigan's Foundry Laboratory 


The molding sands submitted by the cooperating 
foundries were conditioned in accordance with their 
instructions. 

The synthetic sand mixtures, formulated by the 
committees, were accurately prepared so that they 
could be reproduced later. All ingredients were care- 
fuly weighed and mixed; 1 minute dry, 5 minutes 
tempered in a 4-ft diameter muller in 200-Ib batches. 
Samples of these sands were then dispatched to the 
cooperating sand laboratories in sealed containers. 

The molding techniques as reported in the first 
progress report were followed exactly. Test castings 
were poured as close as possible to 2650 F and shaken 
out in approximately 2 hr as before. As a control, 
at least two test castings were made from each sand 
for each pattern used. They were sand blasted care- 
fully to avoid removal of any defects. 

The castings were inspected carefully. Appearance 
and extent of the defects were observed and recorded. 
The Committee again measured the scabbed area by 
applying aluminum foil (of known weight per square 
inch) to the defective areas, trimming to the exact 
area of the defect and then weighing. See Figs. 1 
and 2. 





Fig. 1 — Cross section of Type “A” scab defect. 











Fig. 2— A scabbed casting showing how area of scab was 
measured. 


Laboratory Procedures 

Sand samples were immediately transported to De- 
troit. Committee personnel conducted the routine and 
research sand evaluations using the facilities of the 
Harry W. Dietert Company's laboratory with assist- 
ance from their staff. Where they exist, Standard 
AFS ‘Test Methods were used. Samples were forward- 
ed to, and sand test methods evaluated, at the fol- 
lowing cooperating laboratories: 

1. American Brake Shoe Co. Research Laboratory, 
Mahwah, N.]. 

2. American Radiator & Standard Sanitary Co., 
Bond Plant Laboratory, Buffalo, N.Y. 

3. Dayton Malleable Iron Co. Laboratory, Iron- 
ton, Ohio. 

4. Ford Motor Co., Quality Control Laboratory, 
Cleveland, Ohio. 

5. Ford Motor Co., Quality Laboratory, Dearborn, 
Mich. 

Flowability test data were obtained with the dial 
indicator method. 

Deformation and yield strength properties were run 
with the green compressive strength test by means of 
stress-strain recorder attachment to the standard 
strength machine. Sand toughness number is the prod- 
uct of the green deformation, in inches per inch, 
multiplied by the green compressive strength, psi x 
1000. 

Hot compressive strength tests were run in a dila- 
tometer furnace equipped with a stress-strain record- 
er after a 12-minute soaking period using the 114 
in. diameter x 2 in. high, double-end rammed speci- 
men. The ultimate hot deformation values were taken 
as the deformation at maximum load where the rate 
of load is equal to the rate of collapse. Hot deforma- 
tion at 50 psi load was also taken from the stress- 
strain diagram and represents the portion of the 
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curve where strain is proportional, or almost pro- 
portional, to the stress. 

Hollow confined expansion tests were made usin 
the 114-in. diameter x 2 -in. specimen with a 1 
in. diameter hollow center rammed inside a tight 
fitting quartz tube at a furnace temperature of 1500 !. 

The dilation test is an expansion test where the 
ll4-in. diameter x 2-in. specimen is placed in th 
furnace at room temperature and the furnace ten 
perature is raised at the rate of 10 degrees px 
minute. The expansion was recorded at 1-minute 
intervals. 

The volatile material tests consisted of heating 
weighed sample in a combustion boat for 15 minutes 
at 2100 F. After cooling in a desiccator, the sample 
was reweighed and the per cent volatiles calculated 
from loss of weight. 


Description of Test Patterns 


The Committee elected to check the sensitivity of 
the scab test pattern used previously against test pai 
terns being employed by other investigators. The 8-] 
pattern is shown in Fig. 3. On this occasion mounted 
in-gates and runners were also employed and com 
pared to the single in-gate used in the previous work. 
The casting weighed 22 lb and has a surface area 
of 200.1 sq in. 

The test pattern, Type B, used by Committee 8-L. 
in their work was investigated to see if it is equally 
suitable for iron casting. This pattern is 6x6x5 
in., almost a cube, with a wedge of sand in the 
drag, a thin section %_¢x6x4 in. through which 
the casting is gated. The iron casting weight is 44 
lb with 242 sq in. of surface. 

An inverted “U” pattern used by the American 
Brake Shoe Co. foundry laboratory was investigated. 
This pattern is channel-shaped, 814 in. long, 67% 
in. wide with ribs 214 in. high and metal sections 
of 34 in. in the ribs and 1% in. in the web. The 
iron casting weighed 1734 Ib with 215.5 sq in. of 
surface. 

A fourth pattern developed by H. H. Fairfield 
was also compared. This pattern is a truncated pyra- 
mid 4 in. high and 714 in. square at the base with 
a surface of 186.8 sq in. Metal sections are 114 in., 
as on the sides, and 114 in. on top with a casting 
weight of 33 lb. This pattern was designed to deter- 
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Fig. 3 — Sketch of the 8-J test pattern. 
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Fis. 4— View of four test cast- 
ings evaluated in preliminary in- 
vestigation with gates attached. 


mine whether or not gas pressure in the pocket 
could push the mold surface off to form scabs. See 
Fig. 4. 

Description of Casting Evaluation Method 

All the test castings were examined carefully and 
photographed. For purposes of clarity, the commit- 
tee defines the observed defects as follows: 

A scab defect is caused by molten metal enter- 
ing a fracture in the mold surface or by the erosion 
of the mold surface. In this report scabs are clas- 
sified further by Types, “A” or “B”. 

Type “A” seab is a defect with thin protrud- 
ing edges, raised above the casting surface, under- 


TABLE 1 — Test CASTINGS OBSERVATIONS 








Sand 35 36 37 38 Total 
8-J Pattern 
% Type “A” 

Scab Area A38 19.65 6.9 19.9 16.9 
% Type “B” 

Scab Area 8.38 0 0 0 8.35 
Vein, in. 0 0 5Y4, Severe 2,Med. 714 
Rat-Tail 0 0 0 0 0 
Burn-in 0 0 0 0 0 
Penetration 0 0 0 0 0 

8-L Pattern 
% Type “A” 

Scab Area 1.47 18.85 5.7 18.7 44.7 
°% Type “B” 

Scab Area 58 3.43Cope .21 4.52Cope 8.74 
Vein, in. 0 in Wedge Small,114 Small,34 314 
Rat-Tail 0 0 0 0 0 
Burn-in 0 0 0 0 0 
Penetration Severe Severe Severe Severe Severe 

in Wedge in Wedge in Wedge in Wedge in Wedge 
“U” Pattern 
% Type “A” 

Scab Area 1.89 11.04 7.68 11.23 30.84 
% Type “B” 

Scab Area 22 0 0 0 22 
Vein, in. 0 0 Severe,714 Severe,4 111% 
Rat-Tail, in. 0 0 414 0 414, 
Burn-in 0 0 Slight 0 Slight 
Penetration 0 0 0 Slight Slight 

Fairfield Pattern 
% Type “A” 

Scab Area 65 16.6 14.3 14.1 45.7 
% Type “B” 

Scab Area 67 67 0 1.34 
Vein, in. 0 0 0 0 0 
Rat-Tail 0 0 0 0 0 
Burn-in 0 0 0 0 0 


Penetration 0 0 Slight Slight Slight 













neath which sand, free of metal, was present. This 
type may be pried or chipped off, leaving a depres- 
sion in the casting surface and is the scab type 
under study in this report. 


Type “B” seab is an encrustation of sand and 
metal, rising above the casting surface without thin 
protruding edges. 

Veining is a casting defect caused by molten metal 
entering a fracture in the mold surface forming a 
thin fin of metal protruding from the casting surface. 

A rat-tail is caused by a fracture of the mold sur- 
face without metal entering the fracture. One edge 
of the fracture is raised above the other and roughly 
parallel with the casting surface. 

Penetration is caused by molten metal entering 
the mold surface over a general area, forming pro- 
trusions of metal from the casting surface. 

Burn-in is caused by the mold surface fusing 
to the metal without metal penetration. Burn-in and 
penetration often occur simultaneously. 

A swell is caused by molten metal pressure moving 
the mold wall surface from its original plane, result- 
ing in a convex-shaped enlargement on the casting 
surface. 

Comparison of Castings Made from the Four 
Test Patterns 

Each of the four test patterns were rammed in 
four different molding sand mixtures. The resultant 
castings analyses are condensed in Table 1. Figures 
5-8 show the castings evaluated in this series. 

For ease of interpretation, the data in Table | are 
summarized in Table 2, where the accumulated de- 
fect data are compared between the four patterns. 


TaBLe 2 — SuMMARY OF TEsT DATA 





% Area, % Area, 








Type “A” Type “B” Rat- 
Scab, Scab, Penetra- Vein, Tail, Burn- 
Pattern Aver. Aver. tion in. in. in 
8-J (2Gates) 469 8.38 0 ™% © »® 
Severe 
8-L Type 44.7 8.74 , Severe 31% 0 0 
(on cope) in wedge 
Inverted 
“U” Type 30.8 22 Slight 11% 4% Slight 
Severe 
Fairfield 
Pattern 45.7 1.34 Slight 0 0 0 
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Fig. 5— Comparison of four te: 
castings made with sand No. 3. 


Fig. 6 — Comparison of four test 
castings made with sand No. 36. 


Fig. 7 — Comparison of four test 
castings made with sand No. 37. 


Fig. 8 — Comparison of four test 
castings made with sand No. 38. 
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pattern is slightly less sensitive to type “B” scabs 
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Discussion of Casting Data Between the Four 
Test Patterns 
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The 8-J pattern is not sensitive to penetration, 
rat-tails or burn-in, and is second only to the In- 
verted “U” Type for veining. The 8-L pattern is 
quite sensitive to Type “B” scabs on the cope op- 
posite the gates, and very sensitive to penetration in 
the wedge. The Fairfield pattern is very sensitive 
to the Type “A” scabs, but only slightly to Type 
“B” scabs and penetration. 

As this Committee is primarily concerned with the 
Type “A” scab defects, it was decided to continue 
with the 8-J pattern. Remarkable reproducibility was 
experienced between the castings made from any of 
these patterns with the four sands mixtures. See 
Figs. 5 to 8. 


Comparison of Gating Practice on the 8-J Pattern 


In the Committee’s previous work, using the 8-] 
pattern, the in-gate was cut by hand. To further re- 
fine our technique, the Committee elected to have 
double in-gates mounted on the plate, as uniformity 
of the cross section of the gate cut by hand was 
difficult to maintain. Comparison of the castings ap- 
pearance is shown in Fig. 8 and they are evaluated 
in Table 3. 

Based on this comparison, it was elected to use 
the revised, mounted double in-gates for balance of 
the project. See Fig. 9. 


Sand Mixtures Used in this Series 


Nineteen basic sands were evaluated for the series 
discussed in this report. They ranged from new syn- 
thetic mixtures compounded by the Committee to 


38. 


39.8.7 SCAB 


9 
TEMP."*F 





Fig. 10 — Relation between hot deformation and mold tem- 
perature; Sand No. 38. 


THE SCABBING DEFE >t 


produce certain mechanical properties and recogniz *d 
to be impractical mixtures for the iron foundrym: n, 
to practical production system sands and natu al 
molding sands. The mixtures used or a descripti in 
of these sands are shown on lines 1 through 9 of 
Table 5. To date, 52 basic sands have been used in 
this project. 


Foundry and Castings Evaluation Data 

The intentional and non-intentional deviations 
from the predetermined molding and pouring pro- 
cedures previously described, are noted on lines ‘7 
through 21 of Table 4. 

The representative castings defect analysis is list- 
ed and the intensity of the defect is also shown in 
Table 4. Please note the order across the table is 
one of decreasing degree of the Type “A” scab de- 
fect as shown on line 5 of Table 4. 

The castings were photographed in groupings to 
illustrate the effect of composition changes. To sim- 
plify locating the test casting photograph to compare 
sand properties to the degree of scabbing as shown 
in Tables 4 or 5 use the following Key. 


Castings made from 
sand number 38 are shown in Figs. 8, 35 


36 6, 35 
44B 34 
37 7, 35 
43 33 
35 5, 35 
49 33 
40 37, 37A 
42 37, 37A 
44A 34 
50A 38 
52B 39 
45 34 
5IA 38 
50B 39 
39 37, 37A 
52A 38 
41 37, 37A 
47 33 
51B 39 
46 33 
48 34 


Molding Sand Properties 

All sand test data with the exception of the dila- 
tion test data are shown in Table 5 on lines 10 
through 42. The dilation curves are shown Figs. 10 
through 28) for all sands used in the immediate in- 
vestigation. A description of the various sands is 
shown on lines 1 through 9. 

As in Table 4, the order places the sand mixtures 
which result in the greatest Type “A” scab defect 
severity at the left, diminishing to the right in 
Table 5. 

The sand properties data from Table 5 of this 
progress report and with the data presented in Table 
1 of the 1951 progress report were carefully plotted 
on graph paper by the Committee. 

Several methods were employed. Figures 10 through 
28 are examples of one, a second method employed 
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Fig. 11 — Relation between hot deformation and mold tem- 
perature; Sand No. 36. 
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Fig. 12 — Relation between hot deformation and mold tem- 
perature; Sand No. 44B. 





131 


13.8 IN* SCAB 


TEMP. "F 





Fig. 13 — Relation between hot deformation and mold tem- 
perature; Sand No. 37. 
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Fig. 14 — Relation between hot deformation and mold tem- 
perature; Sand No. 43. 
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Fig. 15 — Relation between hot deformation and mold tem- Fig. 17 — Relation between hot deformation and mold tem- 
perature; Sand No. 35. perature; Sand No. 40. 
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Fig. 16 — Relation between hot deformation and mold tem- Fig. 18 — Relation between hot deformation and mold tem- 
perature; Sand No. 49. perature; Sand No. 42. 
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Fig. 19 — Relation between hot deformation and mold tem- Fig. 21 — Relation between hot deformation and mold tem- 
perature; Sand No. 44A. perature; Sand No. 52A-B. 
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perature; Sand No. 50A-B. perature; Sand No. 45. 
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Fig. 25 — Relation between hot detormation and mold tem- 


Fig. 23 — Relation between hot deformation and mold tem- 
perature; Sand No. 41. 


perature; Sand No. 51. 
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Fig. 24 — Relation between hot deformation and mold tem- Fig. 26 — Relation between hot deformation and mold tem- 
perature; Sand No. 39. perature; Sand No. 47. 
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Fig. 27 — Relation between hot deformation and mold tem- 
perature; Sand No. 46. 


was to show the scabbed area of the casting on the 
abscissa and the sand property as the ordinate. 

Based on these graphs, the Committee believes 
that the Type “A” defect results from hot property 
failure, although some correlation was also obtained 
by the green compressive strength property and den- 
sity values which confirm our previous work. Other 
test data plotted showed less or no correlation to 
the degree of scabbing on the test castings. 

Green compressive strength and density are indi- 
rect causes that may influence a final condition to 
alter the quality. 

Hot property failure, hereafter described, is the 
direct cause, and as such, alters the quality solely 
by itself. This progress report will endeavor to show 
such evidence and prescribe scab factors. 


Hot Properties of Mold Wall Surface 


Heat from the molten metal will raise the interior 
walls of a sand mold to an elevated temperature 
very quickly. The layer of sand so heated will be 
relatively thin, however, thick enough to leave a 
damaging mark on the surface of the casting if it 
should rupture. It is thus necessary to so process the 
sand and prepare the mold as to avoid any fracture 
of the layer of sand forming the mold wall surface 
by the heat of the metal. 

Processing the sand to impart a very high hot 
strength is not a solution. The stresses that fracture 
a mold wall surface are due to growth or expansion 
of the sand grains. The magnitude of such forces 
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Fig. 28 — Relation between hot deformation and mold tem- 
perature; Sand No. 48. 


due to volume changes of a material itself are enor- 
mous and cannot be overcome or held by the strength 
of the parent material should the temperature and 
expansion change be great enough. 

The effect of increasing the hot strength usually 
allows the internal stresses to build up to a high 
magnitude and cause a larger fracture, resulting in a 
large surface defect on the casting. 

A mechanical remedy is to avoid the accumulation 
of the internal stresses by changing direction. For 
example, placing depressed areas in a flat plane sec- 
tion or by the use of a curved surface. 

A composition change of the material itself is a, 
better plan to avoid the build-up of the internal 
stresses. Two solutions present themselves. 

One is to so compound the material to reduce the 
magnitude of the expansion of the material for a 
given temperature change. In the case of sand, this 
frequently involves an increase in the cost of the 
molding material to an extent that limits its use to 
spot facings or special molds. 

A second solution in composition change is to com- 
pound the molding material so as to obtain a hot 
plasticity, called “hot deformation”, that is greater 
than the expansion of the molding material. Increas- 
ing the hot deformation of a silica sand is usually 
lower in cost than decreasing the expansion. Good 
practice is to select and process the molding sand 
so as to obtain the lowest expansion possible and 
have a hot deformation greater than expansion at 
all temperatures through which the sand must pass. 
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Unaccommodated and Accommodated Expansion 

Whenever a molding sand has a greater expansion 
than hot deformation at any temperature, the sand 
layer forming the mold wall will be under a stress. 

The difference between the expansion and hot 
deformation is termed as follows: 

Unaccommodated expansion, expressed in inches 
per linear inch, is the amount that the expansion 
exceeds the hot deformation at any specified tem- 
perature. 

Accommodated expansion, expressed in inches 
per linear inch, is the amount that the expansion 
is less than the hot deformation. 

The greater the unaccommodated expansion, the 
more critical will a sand be to the development of 
type “A” scab difficulties. 

Molding sands with ample accommodated expan- 
sion are easily molded for freedom from scab dif- 
ficulties and may be rammed over a wide range of 
hardness and be free of mold wall fracture defects. 

For simplification, the unaccommodated expansion 
will be hereafter referred: to as U.E. while accommo- 
dated expansion will be referred to as A.E. 


Critical Temperature Scab Factor 


We have observed that most molding sands are 
deficient in hot deformation at temperatures ranging 
from 800 to 1800 F. Thus, it is within this tempera- 
ture range that most mold wall fractures occur. AFS 
Committee 8-L, studying the hot properties of steel 
molding sands at elevated temperatures, in their 
progress report of 1953,1 show laboratory evidence 
that the maximum temperature at which the expan- 
sion exceeds the hot deformation varies with dif- 
ferent steel molding sands. A brief casting study 
showed that as this temperature increased, the scab- 
bing tendencies of the sand increased. 

This maximum temperature, where the expansion 
first is less than the hot deformation, will be termed 
the critical temperature and referred to as the T.C. 

Thus, those sands which have a U.E. in some 
temperature range, will have scabbing tendencies 
lowered whenever one processes the sand and pre- 
pares the mold so that the U.E. temperature range 
is as short as possible with the lowest T.C. Refer to 
Fig. 10 and note T.C. is 1535 F where the expansion 
and hot deformation curves cross. 


Included Area Scab Factor 


Molding sands which have a U.E. factor will have 
a hot deformation value lower than the expansion 
value at a certain temperature range. Thus, on a 
graph where both the hot deformation and expan- 
sion values are plotted, the hot deformation curve 
will dip below the expansion curve. See Fig. 10. 

The area formed between these two curves is called 
the “included area scab factor’, abbreviated as I.A. 
In Fig. 10, the included area scab factor is shown in 
cross section and may be expressed in units of area 
where 400 units equal | sq in. The area is obtained 
by plotting both the hot deformation and expansion 
at a scale of 0.010 in. of hot deformation or expan- 
sion per inch on the graph. Each 400 F degrees of 
temperature is equal to | in. on the graph. By using 
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graph paper with 400 subdivision squares per square 
inch and then counting the subdivision squares b: 
tween the two curves or through the use of , 
planimeter, the area in I.A. units can be readil, 
determined. 

It was found that the greater the included sca» 
factor, the greater the type “A” scabbing tendencie 


Unaccommodated Expansion Scab Factor 

Silica molding sand grains have their most rapi:! 
grain growth below 1067 F. At 1067 F the quart: 
in the silica grains transforms from an Alpha to « 
Beta quartz and imparts a maximum volume of the 
molding sand when it is under a load as it is in 
a mold. 

Referring to the expansion curve shown in Fig. | 
it may be noted that the U.E. at 1067 Fis 0.0070 
in. In other words, according to the scale used, the 
expansion curve at 1067 F is 0.0070 in. above the 
hot deformation curve at this transformation tem 
perature. 

The greater the distance that the expansion curve 
is above the hot deformation, the greater the layer 
of sand on the mold wall surface was subjected to 
a rapidly increasing stress. 

The U.E. scab factor is the distance in inches that 
the expansion curve is above the hot deformation 
curve, when scale used in plotting is 1 in. equals 
0.010 in. Test data show that the greater the U.E. 
scab factor, the greater tendency towards type “A” 
scabs. 


Correlation of Type "A" Scabbing Area 
with Scab Factors 

A foundation has now been laid remaining only 
to submit foundry-laboratory evidence to prove or 
disprove the three scab factors mentioned namely, 
T.C., LA., and U.E. factors. The values for these 
three factors are tabulated in Table 6 together with 
scab area on the castings so that the values for these 
factors may be compared with the area of scab on 
each test casting. 

A graphical presentation of the correlation be- 
tween each factor and the area of type “A” scab 


TABLE 6 — Test DATA 





Unaccommo- Included 





Critical dated Area 
Sand Fig. Scab Area, Temp., Expan- Scab Fac- 
No. No. sq in. F, TC sion, UE tor, IA 
] 38 10 39.8 1535 0.007 315 
2 36 11 39.3 1565 0.005 213 
3 44B 12 15.5 1460 0.0045 180 
4 37 13 13.8 1500 0.0055 200 
5 43 14 7.32 1520 0.0045 152 
6 35 15 0.86 1875 0.011 640 
7 49 16 0.80 1230 0.0025 88 
8 40 17 0.12 1230 0.004 142 
4 42 18 0.1 1150 0.0015 60 
10 44A 19 0.10 1505 0.003 121 
ll 50A&B 20 0.08 1160 0.002 68 
12 52AXB 21 0.0035 1290 0.0035 120 
13 45 22 0 none none 0 
14 51A&B 23 0 1180 0.0015 41 
15 39 24 0 1215 0.0025 119 
16 41 25 0 1190 0.0025 118 
17 47 26 0 1050 none 1 
18 46 27 0 none none 0 
19 48 28 0 1140 0.001 53 
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Fig. 29 — Graph shows position of each test casting in refer- 
ence to scab area and corresponding critical temperature. 


is shown in Fig. 10 to 28, inclusive. The area of 
type “A” scab defect found on each test casting de- 
creases as figure numbers increase. The number of 
the sand mixture is indentical to the casting number 
and is shown on each graph from Fig. 10 to 28 
inclusive. 

Also plotted on each graph is the expansion and 
ultimate hot deformation from 500 to 2000 F. 

In addition to this information, the values for the 
three scab factors, namely, critical temperature 
(T.C.), included area (I.A.) and unaccommodated 
expansion at 1100 F (U.E.) is shown. 


Referring to Table 6 or Fig. 10, for sand and test 
casting number 38, one may note that this casting 
has 39.8 sq in. of type “A” scab area. The T.C. is 
at a relative high temperature of 1535 F. The ILA. 
factor is 315 and the U.E. is 0.0070 in. 

An examination of graphs from Fig. 10 to 27 
shows a gradual reduction of scab area. There is 
one pronounced disagreement, namely, sand and cast- 
ing No. 35, Fig. 15. This casting is reported as having 
only 0.86 sq in. of type “A” scab, but 16.75 sq in. 
of type “B” scab. A close examination of the casting 
reveals that the scab area reported as type “B” dif- 
fers from the other type “B” scab defects found on 
other test castings. There is some possibility that the 
scab area reported as type “B” for casting No. 35 
could have been a type “A” scab. If this is true, 
then the scab factors for this sand would show a 
good correlation. 
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Fig. 30 — Correlation between included area scab factor and 
Type “A” scab area. 


The graphs Fig. 16 to 19 cover a group of castings 
with type “A” scab defects ranging from 0.80 to 0.10 
sq in. The graphs for these sands show a good cor- 
relation with the low scabbing tendencies of these 
sands. 

The sand test data used to make the test castings 
with zero type “A” scab area are shown in the graphs 
from Figs. 20 to 27, inclusive. 

The T.C. for these zero scabbing sands is of a 
low temperature while the I.A. is very small. The 
U.E. is also of a very low value, showing that when 
the values for these scab factors are low then the 
sand is free of type “A” scabs. 

Two very interesting sands and castings are num- 
ber 45 shown in Fig. 22, and sand and casting num- 
ber 46, shown in Fig. 27. For both of these sands 
the value of the expansion is always lower than the 
hot deformation values for all temperatures. This in- 
dicates that these sands are free of mold wall frac- 
tures. 

Summary 

Whether one uses the data shown in Table 6 or 
the graphical presentation Figs. 10 to 28, inclusive, 
it becomes desirable to condense the data so that 
definite information can be arrived at as to which 
scab factor shows the better correlation with type 
“A” scab found on the test castings from 10 to 28 
inclusive. 

The data may be condensed by examining one 
scab factor at a time. Plot each scab factor versus 
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Fig. 31 — Correlation between unaccommodated expansion at 
1100 F and area of Type “A” scab area. 
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the area of type “A” scab for all test castings. 

The graph in Fig. 29 shows the position of each 
test casting in reference to the scab area and cor 
responding critical temperature. 

The degree of scab is divided into three regions 
No scab region, possible small scab region and large 
scab region. It may be noted that castings 44A and 
43 show a high T.C. and a low scab area. Thus T.C. 
factor misplaces these two sands and also sand No. 35. 

Figure 30 gives a graphical presentation of the 
correlation between the included area scab factor and 
type “A” scab area. Casting 43 with a relative small 
scab area mislocates in the large scab area. The sand 
and casting No. 35 which may be questioned as to 
type of scab also are not placed correctly. Other 
than above, the grouping of the sands and castings 
are very good in respect to the included area scab 
factor and the area of type “A” scab on each casting. 

The unaccommodated expansion at 1100 F and 
area of type “A” scab for the various sands and 
castings is shown in Fig. 31. The grouping of the 
casting numbers shows that an excellent correlation 
exists between the U.E. and area of type “A” scab. 
Only one exception is found and that is for sand 
and casting No. 35. As previously stated, there is 
some question as to the type of scab on this par- 
ticular casting. There is positive indication around 
the edge of this particular large scab that the mold 
wall was fractured, yet the interior surface of the 
defect shows incrustation of metal and sand which 
is associated with type “B” scab. Thus the large scab 
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Fig. 32 — Effect of green compression on scabbing tendency. 


Fig. 33 — Ettect of density on scabbing tendency. 
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“ig. 34— Castings made from 
ands obtained trom foundries for 
this investigation. 
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44A 44B 45 


Fig. 36 — Castings made from 
synthetic sand mixtures to study 
effect of silica fines. 


35 


on casting No. 35 could be a type “A” scab. All 
other scab factors also misplaced this particular sand 
if the large scab area is defined as type “B” scab. 


Secondary Influencing Factors on Scabbing 


Secondary factors which may have influence on the 
scabbing defect are green compressive strength and 
density. 

The affect of green compression is shown in Fig. 
32 where a majority of the sands which have scab- 
bing tendencies have less than 10 psi green strength. 
Data from the 1951 progress report are also included. 

The property of rammed density, determined from 
the weight of the AFS standard specimen and ex- 
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46 47 49 


Fig. 35 — Castings made from 
synthetic sands received from 
foundries for this investigation. 
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36 37 38 


pressed in pounds per cubic foot, shows a marked 
trend towards scabbing as the density value increases 
over 100 lb per cubic foot. This trend is illustrated 
in Fig. 33. This plot which also has the 1951 progress 
report data and the new data confirms our previous 
work. 

All the sand property data shown in Table 5 were 
analyzed carefully and plotted, but no significant 
trend was indicated except as reported. Gas volume 
was calculated and compared with permeability val- 
ues; but wide scatter was again found, substantiating 
the observation in Appendix I of the 1949 report. 
Gas volume has no correlation to the degree of type 
“A” scabbing. See Fig. 34. 
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39 40 41 


Castings shown in Fig. 35 
are grouped as these sand 
mixtures are not intended to 
represent typical iron foundry 
mixtures but were selected to 
give extreme analyses for re- 
search purposes. 

Silica flour fines present in 
sand mixture numbers 38, 36 
and 37 contributed to hot 
property failure and _ scab- 39 
bing. See Fig. 36. 


Effect of Grain Distribution Series with 8-J Pattern 


Test castings shown in Fig. 37 are grouped to 
show the effect of blending two sands. Sand mixture 
39 has a Lake Michigan sand as its base. Sand mix- 
ture 40 has a blend of 54 per cent lake and 36 per 
cent bank sand, while No. 41 consists of 36 per cent 
lake sand and 54 per cent bank sand. Sand mixture 
42 has all bank sand. Small scabs are present in the 
castings made from sand No. 40 and 42. Severe vein- 
ing is present on Casting No. 41 and a medium de- 
gree of veining is also on No. 39. 

With the inverted “U” pattern, no scabbing was 
encountered with these four sands but the degree of 
veining was comparable. This may be seen in Fig. 
37A. The Committee sees no particular significance 
from the limited amount of work to date on this 
phase. 

The degree of ramming also has a secondary in- 
fluence on the formation of type “A” scab. Casting 
50A made in a sand rammed to a mold hardness to 
90, has a small scab. Castings 51A and 52A exhibit 
severe veining with mold hardnesses over 90. These 
castings are shown in Fig. 38. 

These same sands rammed soft, sand 50B with a 
mold hardness in the 50 range, 51B in the 40 range, 
and 52B in the 50 range, produced castings shown 
in Fig. 39. Some veining is evident, but no trace of 
a scab is seen. 

Figures 38 and 39 illustrate the trend pattern pre- 
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(Left) 
Fig. 37 — Test castings show- 
ing effect of blending two 
sands. 


(Bottom) 
Fig. 37A — Test castings made 
42 from inverted “U” pattern. 





40 41 42 


viously observed in Fig. 33, that lower rammed den- 
sity reduces the likelihood of type “A” scabs. 


Conclusion 

The unaccommodated expansion, U.E. factor, for 
the group of sands' and castings studied is the better 
scab factor in that it shows better correlation with 
type “A” scabbing tendencies. One may use the U.E. 
scabbing factor to forecast the size of the probable 
type “A” scab that the sand will produce. 

The U.E. scab factor may also be used to forecast 
the presence or absence of type “A” scabs on castings. 

The U.E. scab factor may be used to aid in the 
formulation and processing of molding sands to se- 
cure a sand that is free of any scabbing tendencies 
under a wide range of mold hardness and casting 
design. This could be accomplished by having the 
sand possess a large accommodated expansion (A.E.) 
where the expansion is much lower than the hot 
deformation at all temperatures. A sand possessing 
these properties would have a high safety factor in 
reference to type “A” scabs. 

When processing foundry sand for either green or 
dry sand molding, it is well to determine whether 
the expansion of the sand is accommodated or un- 
accommodated. Should the expansion of the sand be 
unaccommodated, the sand composition should be al- 
tered. Cellulose materials such as wood flour, cereal 
material, or carbonaceous materials may be used to 
have the expansion below the hot deformation. 
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(Right) 
Fig. 38 — Test castings show- 
ing effect of hard ramming. 


(Below) 
Fig. 39 — Test castings show- 
ing effect of soft ramming. 50A 





50B 51B 


The Committee is, at present, continuing the re- 
search work both in the foundry and laboratory to 
obtain additional data on scabbing of sands. It is 
endeavoring to determine whether the expansion and 
hot deformation of a sand can be obtained from a 
single sand test specimen, under a single test set-up, 
and under shock heating. This would save time to 
be able to determine the U.E. factor with one test. 

For the present, the Committee recommends that 
the expansion be determined at 1100 F, using an 
AFS 114x2-in. hollow specimen with 14-in. diam 
hole through the center, gradually heating the speci- 
men 10 .F per minute up to 1100 F. The specimen 
is to be rammed and tested in a quartz tube so that 
the volume change of the sand shall be all along 
the axis of the specimen. 

Various methods of expansion testing have shown 
that the above method of measuring the expansion 
correlated the better Type A scabbing tendencies 
when hot deformation was expressed in inches per 
inch of specimen length. 

The hot deformation of the sand is determined on 
an AFS 114x2-in. specimen at 1100 F after heat- 
ing for a 12-minute period. Loading rate of 1 inch 
piston travel per minute should be employed. 


Appendix | 
To expand upon the practical aspects of the re- 
port, the properties of sand No. 48 were simulated 
and under Committee supervision the following test 








141 





51A 52A 


series were run. The _ base 
sand consisted of a blend of 
silica sands, Illite fireclay, 
western bentonite, wood 
flour, sea coal and cereal were 
added and mulled in 200-lb 
batches. 

A. Affect of Increasing 
Moisture Content on Scab- 
52B bing. Sand properties evalu- 

ated for this series are re- 
The test castings produced, are 


ported in Table 7. 
shown in Fig. 40. 
Observations. Very small scabs were visible on 
the 5 per cent moisture content sand. Above the 
temper at which this simulated mixture would be 
used, the intensity of type “A” scabs increased. At 
8.1 per cent moisture, a very large scab was formed. 
Conclusion. Moisture content, as it increases, 
effects hot property balance and promotes scabbing. 
B. Affect of Reducing Combustible Materials. The 
base sand was modified as shown in Table 8, diluted 
with silica sand A and B to maintain the same AFS 
fineness. Fireclay and western bentonite were added 
to maintain constant green compressive strength. 
NMbservations. As the combustible material of 
the sand reduces before washing from 7.17 per cent 
to 5.42 per cent on sand mixture V-3, Type “A” 
scabbing is developed. Compare castings V-] and V-3 
in Fig. 41. As the combustible material decreases 
further in percentage the scabbing tendency becomes 
aggravated. Casting V-5 has medium type “A” scab- 
bing. 
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(Top) TABLE 8 — AFFECT OF REDUCING 


Fig. 40 — Test castings showing effect of increasing moisture MATERIALS 
content in the sand mixture. 








Additives V-1 V-2 V-3 v-4 V-5 
(Bottom) . Silica Sand A,Ib 200 173 146 120 95 
Fig. 41 — Test castings showing effect of reducing combusti- Silica Sand B. 1b 24 49 73 95 
ble materiale in the sand mixture. Fireclay, grams 817 1480 2125815 

Western Bentonite, 
grams 154 817 1190 1553 


Wood flour 


TABLE 7 — AFFECT OF MolIsTURE CONTENT ON SAND 
9€a coa 


PROPERTIES AND SCABBING TENDENCIES 





GreenProperties 
Green Properties Moisture, °% 5.3 5.4 6.0 5.4 5.4 
Sand WI w2 Ww3 wW4 W5 Permeability 65 65 58 64 65 
Moisture, % 5.0 5.5 6.4 7.0 8.1 Green Compression, | 
Permeability 70 61 19 40 33 psi 7.9 7.3 6.7 6.5 6.7 
Green Compression, Flowability, % 7 75 79 80 81 
psi 7.3 7.5 6.4 5.7 4.7 Density, Ib/cuft 95.8 97.5 100.5 100.8 100.2 
Flowability, % 69 71 69 75 81 Deformation, 
Density, Ib/cuft 94.5 95.0 98.2 100.9 103.8 .001 in./in. 0.029 0.031 0.035 0.030 0.032 
Deformation, Sieve Analysis 
.001 in./in. 0.019 0.029 0.035 0.042 0.049 © Retained on 
Sieve Analysis No. 20 0.2 0.2 0.0 0.0 0.0 
% Retained No. 30 0.2 0.2 0.2 0:2 0.2 
No. 20 Screen 0.4 0.4 0.2 0.2 0.2 No. 40 2.2 3.4 1.8 iz 12 
No. 30 Screen 0.4 0.4 0.6 0.6 0.4 No. 50 10.6 9.2 11.8 12.2 12.4 ; 
No. 40 Screen 2.8 28 2.8 2.6 2.6 No. 70 25.6 26.8 27.8 29.2 29.8 | 
No. 50Screen 12.0 11.8 12.0 11.8 11.4 No. 100 29.4 29.6 29.0 28.8 28.8 
No. 70Screen 25.4 25.4 25.6 25.0 25.2 No. 140 15.2 15.0 14.0 13.6 14.2 
No.100Screen 28.6 28.6 28.4 28.6 28.2 No. 200 4.4 3.8 3.8 3.2 3.0 
No. 140 Screen 14.4 14.8 15.0 15.0 15.4 No. 270 0.8 0.8 0.8 1.0 1.0 | 
No. 200 Screen 4.0 3.8 4.0 4.0 4.0 Pan 1.6 14 12 1.2 0.8 
No. 270 Screen 1.0 1.2 1.2 1.0 12 AFS Fineness No. 72 72 71 70 69 | 
Pan 1.4 1.4 1.6 1.8 1.6 AFS Clay, % 94 9.4 9.6 9.4 8.6 
AFS Fineness No. 72 72 73 73 73 Combustible Before | 
AFS Clay, % 9.6 9.4 9.0 94 9.8 Wash, % 7.17 6.42 5.42 4.69 3.75 
Combustible Before Combustible After | 
Wash, % 7.34 7.09 6.98 6.96 7.01 Wash, % 4.20 3.53 2.45 2.33 1.76 . 
Combustible After True Clay, % 6.43 6.51 6.33 7.04 6.61 , 
Wash, % 1.77 4.48 4.50 67 4.25 Mold Hardness 70-72 72-74 73-75 75-77 73-75 
True Clay, % 7.03 6.79 6.52 7.11 7.04 Hot Properties | 
Mold Hardness 70-72 73-76 69-72 68-72 70-73 Hot Strength, 
Hot Properties 500 F x 16 70 90 85 
Hot Strength, Hot Strength, 
500 F 16 16 42 44 85 1000 F 33 62 90 110 120 
Hot Strength, Hot Strength, 
1500 F 49 65 150 180 255 1500 F 105 200 335 415 290 
Hot Strength, Hot Strength, 
2000 F 10 25 58 36 62 2000 F 22 30 58 72 74 
Hot Strength, Hot Strength, 
2500 F 7 2500 F 
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IN VARIOUS SHELL CAST METALS 


Richard A. Flinn,* Walter B. Pierce,* Floyd R. Smith,* and Paul F. Youngdahl* 


I. SUMMARY 

In a relatively short time shell molding has risen 
to the position of an important production method 
for certain cast metals. Despite several high produc- 
tion applications, there has not been sufficient time 
to evaluate some of the important characteristics of 
shell molded castings and to develop the method for 
other metals, notably cast steel. 

This investigation is concerned with both of these 
problems and is directed toward the evaluation of the 
surface quality, dimensional variation and surface mi- 
crostructure obtainable in shell molded castings, as 
well as the improvement of techniques for casting of 
metals which are more difficult to cast. 

A test mold was designed with a variety of section 
thicknesses from 2 in. to 1/16 in. Surface roughness 
measurements as well as overall dimensions were de- 
termined for five different alloys cast in these wedges: 
cobalt-base heat-resistant alloy HS 31, SAE 4140 steel, 
ductile (nodular) iron, gray iron and 85-5-5-5 brass. 

The best surface quality was obtained in lighter sec- 
tions and with the cobalt-base alloy and the cast irons. 
The SAE 4140 surfaces in the heavy sections were 
rough because of surface reaction with the mold, while 
the brass exhibited rough surfaces because of penetra- 
tion. The resin content of the sand was varied between 
t to 12 per cent and had little effect upon surface 
quality. In practically all cases, the surfaces were su- 
perior to green-sand castings of the same design. 

The dimensional variations were determined both 
for cases in which the dimension was contained com- 
pletely in either the cope or drag half of the mold 
and for those across a parting line. The former were 
of the order of 0.002—0.004 in./in., while across a 
parting over twice this variation was encountered. A 
complete summary is given in the figures of the re- 
port. Several sands were found to be interchangeable 
without causing variation in casting dimensions. A 
similar effect was encountered for variations in the 
percentage of resin used in the shells. 

The microstructures at and adjacent to the surface 
indicated no carburization by the shell mold; instead 

*Prof. of Met. Engr. and Production Engr.; Asst. Prof. of Pro- 
duction Engr.; Resr. Asst. in Production Engr., University of 
Michigan, Ann Arbor, and Mechanical Handling Systems, Inc., 
Detroit, respectively. 
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a relatively light oxidizing effect between 0.001—0.010 
in. in depth was encountered. 

Recommendations for future work including further 
investigation of mold washes, mold materials, dimen- 
sional control and more flexible molding techniques 
are given in Section V. 


II. INTRODUCTION — OBJECTIVES — GENERAL PLAN 
OF THE RESEARCH 


Shell molding is now a well established production 
method for the casting of ductile (nodular) iron, gray 
cast iron and certain copper alloys. To expand the 
field of usefulness of this new molding method, re- 
search in two principal areas is indicated: 

1) Quantitative definition of the dimensional accu- 
racy, surface quality and structure obtainable in 
alloys which can currently be cast in shell molds. 

2) Exploration of the difficulties and their remedies 
in alloys which are reputedly difficult to cast in 
shell molds, such as steels of various analyses. 
The objectives of the present research were, there- 

fore, to explore the dimensions and surface quality 

obtainable with good shell molding practice in the 
presently used materials, ductile iron, gray iron and 
85-5-5-5 bronze, and to determine the difficulties with 

SAE 4140 steel and highly alloyed materials such as 

Cr-W-Ni-Co alloys. 

In an investigation of this type a great many vari- 
ables immediately suggest themselves and often others 
develop during the course of the research. For ex- 
ample, some of the variables affecting the dimensions 
and surface quality of the final casting could be: 
Metal—analysis, pouring temperature, deoxidation 

practice, fluxing practice, pouring rate. 

Mold Material—sand analysis, resin analysis and per- 

centage, other additives, mixing procedure. 

Molding Cycle—pattern temperature, investing condi- 

tions, curing cycle and conditions, clamping pro- 
cedure and backing method. 

Mold Design—section size, gating and risering. 
Obviously it was necessary at the outset to select 

the major variables for study based on the best general 

experience up to that time. 

In the metal variables, the five different alloys pre- 
viously mentioned were used to provide a range of 
materials. Commercially encountered variations in 
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pouring temperature were explored. The best known 
practice was used otherwise. 

In the mold materials, the effects of percentage of 
resin and of several different sands were explored. 
However, since major differences between the so-called 
“good” resins are not obtained commercially, only one 
general purpose resin was employed in this survey. 

For the molding cycle, pattern temperature and 
other conditions, the best combination determined 
from our prior experience was used as described under 
Procedures. 

Mold design. Since most shell molded parts vary be- 
tween 4, and 2 in. in thickness, a step wedge was 
designed to represent all ranges in one casting. The 
gating and risering represent a compromise among the 
best practices in use for the various alloys studied. 


III. PROCEDURE 
The details of the procedure can be conveniently 

divided into three categories for review: 

A—Preparation of Shell Molds—Materials, Equipment, 
Molding Procedure. 

B—Melting and Pouring—Materials, Furnace Practice, 
Pouring Technique. 

C—Examination of the Castings—Dimensional Analy- 
sis, Microexamination. 


A — Preparation of Shell Molds 


Materials 
Juaniata, Geauga Float-Float, Wedron, Australian 


Zircon and Michigan City sands were used in prelimi- 
nary experiments on 4140 steel, and the most promis- 
ing from the standpoint of surface quality and cost 
was the Geauga Float-Float. The majority of experi- 
ments were then conducted with this material, 
although a comparison with the popular Juaniata 
sand was made using gray iron test blocks. The sand 
analyses are given in Table 1. 

As mentioned earlier, these experiments were con- 
ducted with only one resin since this is generally con- 
sidered to be a less important variable. The widely 
used resin was employed, in most cases at 7 per cent, 
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with 0.17 per cent of dust suppressant. A standar 
heavy-wheel muller was used to mix materials over 
15-min. cycle. 


TABLE | — SCREEN ANALYSIS OF SANDS USED 





Per Cent Retained on Screen —————— 
No. 4 Ohi 





Geauga Float- Juaniata Australian Quartz 
Screen No. Float Silica Bank Sand Zircon (backing) 
6 0 0 0.40 
12 0 0 15.0 
20 0 0 75.0 
30 0 0 7.2 
40 0.5 0 1.8 
50 6.5 0.4 0.69 
70 17.0 6.4 
100 37.0 37.0 12.2 
140 23.0 38.2 72.8 
200 10.0 14.4 15.0 
270 3.0 2.0 
Pan 3.0 0.6 
Total 100.0 99.0 100.0 100.0 





Green-sand molds were made for comparative cast 
ings using a synthetic Juaniata sand. 
Equipment 

The machine used, Fig. 1, was designed and built 
at the University for pilot research and is not auto 
matic but provides maximum flexibility. The pattern 
rolls on guide wheels permanently mounted in the 
frame of the machine and is delivered to the oven 
or inverted over the dump box manually. 

The pattern design is shown in Figs. 1 and 2. The 
step wedge consists of various section sizes from 2 in. 
to 4, in. The pattern and riser are made of alumi- 
num, but the runners, pouring basin, downsprue and 
stripping pins are of steel. The pattern plate is alumi- 
num. The principal reason for the choice of aluminum 
in this case was for ease of manual operation. An all 
iron and steel assembly might be preferable to avoid 
differential expansion and contraction, although no 
difficulties in molding were directly traceable to this 
effect. Dilation problems are discussed separately in 
the section on “Future Work.” 


Molding Procedure -_ ‘ ‘ - 
The molding cycle is illustrated in Fig. 1. The pat- 





Fig. 1 —(A) Shell pattern and molding 
machine. (B) Shell on pattern before cur- 
ing. (C) Stripping the shell. (D) Clamp- 
ing and backing the shell. (E) Final cast- 
ing with rigging attached. 
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Fig. 2 — Sketch of standard step-block casting showing approx. 


dimensions. 


tern is heated to 450 F in the electric oven. Tempera- 
ture is determined by a chromel-alumel thermocouple 
without the usual welded junction. Instead, the 
pointed base ends of the chromel and alumel wires 
emerge separately about 14-in. apart from a wand in 
which they are insulated from each other. The pointed 
ends are then pressed firmly against the pattern at 
any point at which a temperature reading is desired, 
and the surface of the pattern completes the thermo- 
electric circuit givng a true surface temperature. A 
high internal resistance millivoltmeter, calibrated in 
°F, is used to indicate temperature. 

When the pattern reaches the proper temperature 
(usually 450 F + 10 F) on the surface, it is rolled out 
of the furnace, inverted over the dump box containing 
the resin-sand mixture, and clamped by the air-operated 
toggle. The dump box is then inverted rapidly by us- 
ing the handwheel and the sand resin mixture dwells 
on the pattern for 12 sec. During this time a shell 
forms on the pattern to a depth of %¢@ in. to % in., 
depending upon pattern contour (see final shell, 
Fig. 3). 

The dump box is then righted to the original posi- 
tion and the pattern with its adhering shell is removed, 
Fig. 1. This shell requires further curing; the pattern 
with the shell in place is returned to the oven for 114 
min. and then rolled to the stripping station. In strip- 
ping, Fig. 1, the pins, which are normally held against 
the pattern surface by compression springs on the back 
of the pattern, are pressed against the shell surface, 
forcing it from the pattern. In the photograph, the 
shell has already been ejected and the pins have sprung 
back to their original position. 

The shells are then assembled by seating the refer- 
ence bosses on the cope into corresponding depressions 
in the drag. Next the mold is drilled and bolted, 
backed with No. 4 grit while vibrating, weighted and 
poured. Early experiments indicated that gravel back- 
ing was necessary to avoid bowing or breakout. 

(Notice the thinness of the shell at the sharp cor- 
ners, illustrated in Fig. 3.) 

The pouring basin is a novel design because of the 
method used to overcome backdraft. The downsprue 
pattern is a split horizontally at the base of the cup. 
The cup is held by a latch to the remainder of the 
pattern for the investment (dump box inversion) por- 
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tion of the cycle. After the green shell comes from the 
dump box the cup pattern is removed before the cur- 
ing cycle. This is an important feature since no ragged 
edges are left in the pouring sprue. 


B — Melting and Pouring 
All melting was conducted in 200-lb capacity mag- 
nesia lined, high frequency induction furnaces for 
the ferrous metals. The 85-5-5-5 bronze was melted 
in a clay graphite crucible, also using the 50 kw high 
frequency induction equipment. 
The approximate analyses of the alloys were: 


C Mn P S Si Cr Mo Mg 
4140 steel 0.4 0.5 0.05 max 0.05 max 0.30 1.0 0.20 
Ductile (nodular) iron 3.5 0.5 0.05 max 0.01 2.2 0.05 
Gray iron 3.3 0.6 0.10 0.10 2.3 


CO-base Gas 
rurbine Alloy 57% Co, 25% Cr, 10% Ni, 7% W, 1% Fe, 59 
85-5-5-5 85% Cu, 5% Sn, 5%, Zn, 5% Pb 


( 


6 

For the ferrous materials, the furnace charge was 
composed of commercial purity iron, charcoal pig iron, 
and ferro alloys. 


For the 85-5-5-5 and Co-base alloy, certified ingot o1 
shot of these types was obtained. 





Fig. 3 — Cross section of shell mold for step-block casting. 


A high tapping temperature was selected to pro- 
vide a wide range of pouring temperatures as indi- 
cated in the data. Temperature was determined with 
an optical pyrometer for the ferrous materials with 
spot checks using a platinum rhodium thermocouple 
with an automatic recorder. The brass temperatures 
were all determined by an immersed chromel-alumel 
thermocouple. 

A teapot ladle was used for all metals except the 
brass. A typical casting with gating, risering, and iden- 
tification tag is illustrated in Fig. 1. 

The dominating consideration governing the fluidity 
of any alloy in shell molds has been shown recently 
to be the degree of superheat above its liquidus or 
start of freezing. The temperatures in the data are 
therefore expressed this relative way. 

For convenient reference, the following symbols 
have been used in the graphical presentation of data. 
A clear circle represents a casting poured from less 
than 150 F above the liquidus, a half-darkened circle 
indicates a range of 150-350 F above the liquidus, 
while a dark circle indicates a range of 350-500 F above 
the liquidus. 


C — Examination of the Castings 


Dimensional Analysis : es : 
The drawing of the wedge, Fig. 2, indicates locations 


of measurement. These were chosen to indicate the 
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reproducibility of dimensions both across a parting 
line (by the thickness values), and those not across a 
parting, namely along the cope and drag sides, by the 
length of step dimensions, nominally 5 in. The thick- 
ness values were taken near the ends of the step as 
illustrated, rather than at the center of the step where 
bulging was occasionally encountered. This variable 
requires separate study (see recommendations) . 
Sample calculations are as follows: 

By definition, the side of the casting containing the 
extra step (the 14-in. is called the “right” side and the 
other side the “‘left’”’”) . The dimensions of the shell pat- 
tern across the width and the length of the steps were 
as follows: 





Nominal 
Step Thickness, in. Right Side Left Side 
2 2.002 1.991 
1 0.991 0.985 
1/2 0.480 0.491 
1/4 0.235 (1/8) 0.127 
1/16 0.063 0.065 





Length of Steps 








Nominal 
Step Thickness, in. Cope Side Drag Side 
2 4.960 4.964 
1/2 4.997 4.986 
1/4-1/8 4.998 5.000 
1/16 4.996 all in cope 





Typical Readings 
Gray Iron, Casting No. 463-1, poured at 2550 F 
in 7% resin — Geauga Sand Shell 

















Nominal Deviation Deviation 
Step Thick- from from 
ness, in. Right Side Pattern _Left Side Pattern 
2 1.990 —0.012 1.986 —0.005 
l 0.984 —0.007 0.981 —0.004 
1/2 0.488 0.008 0.485 —0.006 
1/4 0.248 0.013 
1/8 0.122 —0.005 
Length of Steps 
Nominal Deviation Deviation 
Step Thick- from from 
ness, in. Cope Side Pattern DragSide Pattern 
along 2 4.934 —0.026 4.932 —0.032 
along 1/2 4.947 —0.050 4.950 —0.036 
along 1/4-1/8 4.934 —0.064 4.936 —0.064 





A green sand pattern was made by casting an alumi- 
num step plate in a shell made from the above pattern 
and then machining to smooth surfaces equal to those 
of the pattern. The dimensions of this casting are na- 
turally smaller than of the shell pattern, but since 
deviation of the individual casting from the dimen- 
sions of its pattern is plotted on the graphs, the ab- 
solute dimensions are of little consequence. 

The dimensions of the green sand pattern are given 
below for future reference: 





Nominal 
Step Thickness, in. Right Side Left Side 
2 1.845 1.850 
1 846 853 
1/2 386 391 
1/4 197 (1/8”) .122 
1/16 055 056 
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Length of Steps 








Nominal 
Step Thickness, in. Cope Side Drag Side 
2 4.801 4.801 
1/2 4.805 4.806 
1/4-1/8 4.805 
1/16 4.801 





Manner of calculation for the green sand castings 
was the same as for the shell castings. 

The surface roughness was measured in all cases 
with a Rodi (roughness operated distance integrator) 
instrument after trials with a number of other devices. 
The Rodi adds up the total vertical deflection of 2 
diamond point while traveling a given distance. A 
high reading, therefore, indicates a rough surface. The 
pattern reading was less than 0.3. Rodi readings were 
taken for 2-in. lengths in triplicate, and then the re 
sults were averaged and expressed as Rodi reading pei 
inch. 

A correlation of Rodi with so-called R.M.S. rough 
ness was attempted, but an extremely wide range of 
R.MS. (+ 100 at 200 R.M.S., for example) was en 
countered. Examples of readings obtained are as 
follows: 


Casting Rodi R.M:S. 
7.5 100 
7.5 260 
9 280 
10 450 
13.5 450 


e@= 350-500 F SUPERHEAT 
e= 150-350 F SUPERHEAT 
o= < 150 F SUPERHEAT 
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Fig. 4— Rodi surface readings of castings of five different 
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alloys made with the same shell molding mixture. 
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Fig. 5A — Dimensions of castings of five different alloys along 
5-in. length made with the same shell molding mixture. 


In each discussion the Rodi surface roughness will 

be reviewed first, and then the overall dimensional 
characteristics. 
Effect of Metal Analysis and Pouring Temperature Using 
“Standard” Shell Making Technique (7% Resin, Geauga Sand), 
Figs. 4, 5 a,b,c f 4 J 

Castings were poured into identical shells of Cr-W- 


Ni-Co alloy, 4140 steel, ductile (nodular) iron, gray 
iron and 85-5-5-5 brass at a variety of temperatures. 
The results of the Rodi measurements are summarized 
in Fig. 4. Attention is called to the key to the ap- 
proximate superheat above the liquidus. In general, 
tne surface quality of all the alloys is better in the 
lighter sections and at lower pouring temperatures. 

The reproducibility of the Rodi readings was far 
superior to the R.M.S., about + 4 percent (2 a) for 
most castings, but when dirt or poor surfaces were ob- 

tained it was as high as + 8 per cent (2 a). 

Microexamination of Surface Structure 

Cross-sectional specimens were cut from the drag 
side of the 2-in. and from the 14-in. sections, to repre- 
sent both fast and slow cooling rates. For comparison, 
samples were taken from step wedges poured from the 
same heat in green sand. 

IVA. DIMENSIONAL VARIATIONS OF SHELL MOLDED 

CASTINGS 

The principal variations that were investigated form 
logical divisions of this discussion: 

1) Effect of metal analysis and pouring temperature 
using “standard” shell making technique (7 per 
cent resin, Geauga sand) . 

2) Effect of type of sand (Geauga vs. Juaniata). 

3) Comparison of castings made in shells with those 
made in green sand. 
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Fig. 5B — Dimensions of castings of five different alloys across 
step sections made with the same shell molding mixture. 
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Fig. 5C — Dimensions of castings of five different alloys across 
step sections made with the same shell molding mixture. 

4) Effect of resin percentage upon quality and di- 
mensions of shell castings. 


DEVIATIONS FROM PATTERN THICKNESS AT VARIOUS SECTIONS 
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The 4140 steel gave the poorest surfaces, as expected, 
with the exception of the one brass sample poured at 
high superheat which caused penetration. Samples of 
the visual appearance at different Rodi levels are il- 
lustrated in Fig. 6. The microstructures at the surface 
are discussed in Part IVB. 

The dimensional deviations are illustrated in Fig. 
5. It should be emphasized that the magnitude of the 
deviation is not important since this can be taken care 
of in the pattern design. The important point is the 
reproducibility of the deviation since this determines 
the dimensional accuracy obtainable. 

In the data taken along the 5-in. length (not across 
a parting) the greatest consistent spread of points is 
for thé 14-in. section of 4140 (0.035-in. total in 5-in. 
or +.0035 in./in.) and about the same for the 14-in. 
and 4-in. sections of gray iron. Not enough points 
are available for the other materials. 

The results for measurements across a parting (the 
thickness of the steps) show a total difference of 0.030- 
in. or +0.0075 in./in. in the heavy section of 4140, 
and 0.020-in. or +0.005 in./in. for gray iron. The 
ductile iron shows surprisingly large variation for a 
few points, and a statistical study using fluxing tech- 
nique to remove dross is indicated (see Recommenda- 
tions for Future Work). 

Effect of Type of Sand (Geauga vs. Juaniata) 

The surface quality of the castings made in Geauga 
sand shells was somewhat superior to the quality of 
those made in Juaniata sand shells, about 3-5 Rodi 
points, Fig. 7. 

The deviation in the 5-in. length of the different 
steps is about the same for both materials as well as 
the thickness of the steps. 

These data are quite important since they indicate 
that these two sands, at least, may be used interchange- 
ably if a slight difference in roughness can be tolerated. 


















A pattern apparently does not, therefore, have to be 
designed for use with a given sand—obviously this 
requires verification over a wider range. 

Comparison of Castings Made in Shells with Those Made n 


Green Sand (Figs. 9, 10 a,b,c,) . 
Green sand castings were poured during the sane 


heats as a number of shell castings and the characte:- 
istics are plotted in Figs. 9, 10 a,b,c, Careful greea 
sand technique was used by an accomplished molder. 
In the case of the steel castings, a special synthetic 
silica sand was used, and for the gray iron and bronze, 
a synthetic Juaniata base sand of the same fineness as 
the shell sand was employed. As expected, the Rodi 
data denote a rougher surface for the green sand cast- 
ings by 10-100 per cent with one or two exceptions. 
The green sand data are probably a little too good 
to be characteristic since exceptional care was taken 
with mulling and mold preparation. 

An insufficient number of green sand castings was 
available for any sort of statistical evaluation of di- 
mensional reproducibility, but in general the absolute 
deviation from pattern was of the same order of mag- 
nitude as for shell castings except in the 2-in. gray iron 
section. Therefore, a green sand pattern can usually be 
converted to shell molding and produce about the 
same absolute dimension, with expectations of bette: 
surface finish. 


Effect of Resin Percentage upon Quality and Dimensions of 
Shell Castings (Figs. 11, 12 a,b,c) 
The data of Figs. 11, 12 a,b,c, were obtained by ran- 


dom pouring of shells in duplicate at 2445 F + 35 F 
containing 4 to 12 per cent resin. Four per cent was 
the lowest resin content that was moldable. These 
data are contrary to the field reports that better sur 
faces are obtained with higher resin content. The 
variation in Rodi in castings with different resin con 
tents is within the limit of error of measurement. 
Similarly, the 5-in. length shows no consistent vari- 


Fig. 6 — Appearances of 
surfaces with different 
Rodi readings; nos. 9, 14, 
18.5 for shell molded gray 
iron, and 28 for green 
sand molded gray iron. 
Approx. x 11. 




















@=350-500F SUPERHEAT 
@-« 150-350 F SUPERHEAT 
o= < 150 F SUPERHEAT 


ON 2" SEC. 





ROD! READINGS / INCH 
ON 1/2" SEC. 





1/8" SEC. 


ON 


ts 





GEAUGA JUNIATA 


Fig. 7 — Rodi surface readings for gray iron castings made with 
Geauga and Juaniaéa sands. 





ation with resin content, nor is any difference in thick- 
ness of the steps apparent, Figs. 12 a,b,c. 

These are very interesting data since they indicate 
that the percentage of resin (at least of this particular 
resin) may be varied at will without effect upon cast- 
ing quality (at least for gray iron) . The shell strength 
can, therefore, be changed to meet individual con- 
ditions. 


IVB. MICROEXAMINATION OF SURFACE STRUCTURE 

In addition to determining the dimensional varia- 
tions obtained with shell molds, it is equally impor- 
tant to investigate the surface structure of the metal 
adjacent to the shell. This is particularly necessary 
since a number of unsupported statements have been 
made suggesting a surface carburizing effect in the 
case of cast steel and a chilling effect for cast iron. 
For this reason, microspecimens were cut from the 
surface region of both the light and heavy sections (14- 
in. and 2-in.) of shell molded castings of all five alloys, 
and from certain green sand castings for comparison. 
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The discussion can be divided into the principal sec- 
tions: 1) Effect of Metal Composition, and 2) Effect 
of Percentage of Resin. 


Effect of Metal Composition Upon Surface Struc- 
ture High Temperature Alloy Cr-W-Ni-Co (Figs. 13a, 
b). In this alloy no appreciable change in structure 
takes place at the surface next to the shell in either 
the light or the heavy section. This is quite important 
since many applications include as-cast parts made to 
close dimensions in investment molds. Naturally, it is 
equally important to obtain proper structure as well 
as correct dimensions in these uses, particularly where 
surface fatigue failure may take place. The lighter 
section exhibits a finer grained structure as would be 
predicted. 

4140 Steel. Microstructures of 4140 cast against both 
Geauga, 7 per cent resin, and green sand are illustrated 
in Figs. 14, a,b,c,d. A minor amount of decarburization 
is evident in all of the microspecimens. Since the pho- 
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Fig. 8A — Dimensions of gray iron castings along 5-in. lengths, 
made with Geauga and Juaniata sands. 
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Fig. 8B — Dimensions of gray iron castings across step sections, 
made with Geauga and Juaniata sands. 
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tomicrographs are at 100 diameters, it is evident the 
decarburization is less than 0.005-in. in all cases. 
Ductile (Nodular) Iron (Figs. 15, a,b,c,d). No de- 
carburization or change in structure at the surface of 
the light section is noted either for the shell or the 
green sand mold. 
The heavier section shows some decarburization and 
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Fig. 10A — Dimensions of castings along 5-in. length poured in 
shell molds and green sand molds. 
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Fig. 10B — Dimensions of castings across step sections poured 
in shell molds and green sand molds. 


change in graphite shape at the surface. The depth 
of the affected area is under 0.010-in. 

Gray Iron (Figs. 16 a,b,c,d). A soft machinable 
gray iron was used as the material for comparison in 
these specimens. 

In the light sections there is little surface decarburi- 
zation in either the shell or green sand molded cast- 
ings, but an important difference in overall structure 
is present. The green sand casting contains large 
amounts of massive carbide which would lead to ma- 
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ble chining difficulty, while the shell casting is free of mas- case because of the slow cooling rate of the castings. 
ie sive carbide in this specimen. The castings were poured 85-5-5-5 Brass (Figs. 17 a,b,c,d). Here the interest- 
; at approximately the same temperature (2445 F green ing comparison between the shell and green sand 
at sand, 2435 F shell). Other specimens were sectioned casting lies in the dispersion of lead. In both the light 
sone to confirm this effect and the shell molded castings and heavy green sand cast sections, the lead does not 
ats were consistently freer of massive carbide. persist to the surface while a uniform lead distribu- 
TBE The heavier sections show approximately equivalent tion is obtained in the shell molded material. This 
_ structures. No massive carbide is encountered in either would be of importance where an as-cast surface would 
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Fig. 12C — Casting dimensions across step sections, poured in 
shell molds containing 4 to 12 per cent resin. 
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Fig. 13— Surfaces of HS31 cobalt-base heat-resistant 
alloy in light and heavy shell sections. Etched, ferric 
chloride, x100. 

A — Surface of g-in. section. 

B — Surface of 2-in. section. 


be used as a bearing surface since the lead is incorpo- 
rated in the melt to provide antifriction properties. 
Obviously, if machining is performed on the bearing 
surfaces the zone of low-lead concentration would be 


Fig. 14— Surfaces of SAE4140 steel cast in shell and 
green sand molds. Etched, 2% Nital. x100. 

A — Shell mold \%-in. section. 

B — Shell mold 2-in. section. 

C — Green sand mold '-in. section. 

D — Green sand mold 2-in. section. 


removed from the green sand casting by machining. 
Effect of Resin Content in Shell Mixture (Figs. 18a-t) 

Since various percentages of resin may be employed, 
a series of six microspecimens was selected from shell- 
molded castings of different mixtures. The same gray 
iron was poured at practically constant temperature 
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Fig. 15 — Surfaces of ductile iron cast in shell and green 
sand molds. Etched, 2% Nital. x100. 

A— Shell mold %-in. section. 

B — Shell mold 2-in. section. 

C — Green sand mold ¥%-in. section. 

D— Green sand mold 2-in. section. 
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in all cases. This is the same series described previously 
under “Dimensional Analysis.” 

Despite the variation of resin content from 4 to 12 
per cent, no significant variation in structure is en- 
countered. The light sections are all free from massive 
carbide, confirming the findings described under the 
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Fig. 16 — Surfaces of gray iron cast in shell and green 
sand molds. Etched, 2% Nital, x100. 

A — Shell mold ¥-in. section. 

B — Shell mold 2-in. section. 

C — Green sand mold -in. section. 

D — Green sand mold 2-in. section. 


gray iron section. The heavy sections exhibit slight 
decarburization, shown by the surface ferrite rim. 
It is apparent from these specimens of a rather 
sensitive analysis that the resin content may be varied 
at will to obtain the desired shell properties without 
affecting the metal structure. 
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Fig. 17 — Surfaces of 85-5-5-5 brass cast in shell and 
green sand molds. Etched, ammonium persulfate. x100. 
A— Shell mold ¥-in. section. 
B — Shell mold 1-in. section. 
C — Green sand mold, ¥-in. section. 
D — Green sand mold 1-in. section. 


Vv. CONCLUSIONS AND RECOMMENDATIONS FOR 
FUTURE WORK 
A — Conclusions 
1) Smooth surfaces (7-15 Rodi) have been obtained 
in gray iron, HS-31 heat-resistant alloy, and erratically 
in ductile iron. SAE 4140 steel gives a rougher surface, 


particularly in heavier sections, by reacting with 
mold. Brass of the 85-5-5-5 type also shows a roug!, 
surface, but because of penetration, not mold att: 
With minor exceptions, markedly better surfaces w 
obtained using shell molds rather than by good gree 
sand practice. 

2) Deviations from mean length of the steps 
mensions not across a parting) were of the order of 
+0.002-0.004 in./in. using a 5-in. length. Deviati 
across a parting was of the order of +0.008 in., 
in the 2-in. sections. 

3) Substitution of Juaniata sand for Geauga « 
not alter dimensions and gave a slightly rougl 
finish. 

4) Variation in percentage of resin from 4-12 per 
cent with Juaniata sand did not change surface quality 
or dimensions of gray iron castings. 

5) Microstructures of five different alloys poured 
in shell molds and green sand molds were comparable. 
No carburization was noted in shell molds in any case. 








Fig. 18 — Surtaces of gray iron cast in shell molds of 
different resin content. Etched, 2% Nital. x100. 

A— \%-in. section, 4% resin. 

B —  1-in. section, 4% resin. 

C— %-in. section, 7% resin. 
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The | ¢-1n. section of gray iron poured in a shell mold 
did not contain massive carbide, while the same section 
in green sand contained injurious (to machinability) 
amounts. 


B — Recommendations for Future Work 

The present report should be considered as an ini- 
tial survey rather than a complete summary of the 
variables most important to the user of the shell-mold- 
ing process. As indicated throughout the report, a 
nuniber of important effects require further study. 
These may be grouped under headings similar to those 
used in the body of the report. 

Surface Quality. The problem of obtaining a good 
surface typical of shell casting for SAE 4140 steel 
should receive further study. A special panel type cast- 
ing has been designed to allow testing of different 
washes. This work has not progressed far enough to 
warrant report. 

The surfaces for 85-5-5-5 brass were disappointing 





Fig. 18 — Continued from opposite page. 


D— 1.-in. section, 7% resin. 
E — %-in. section, 12% resin. 
F — 2-in. section, 12% resin. 


Fig. 19— Fused quartz 

dilatometer used for 

determining expansion 

and contraction of 
shells. 





and trials of finer sands should be made to develop a 
shell free from penetration troubles. 

A further evaluation of different sands is needed to 
develop smoother surfaces. 

Dross was encountered with ductile iron and flux- 
ing should be explored to eliminate this defect. This 
material provides by far the greatest tonnage of shell 
castings today and a top grade practice should be 
developed A great superiority over green sand should 
be demonstrable since moisture reacts with the mag- 
nesium dissolved in the iron to provide poor cope 
surfaces. 

Surface quality shoulu be compared with invest- 
ment molded (lost wax) castings to provide a com- 
plete evaluation of shell molding. Some of the alloys 
difficult to cast in the lost wax process, e.g., 12 per cent 
Cr steel might be explored in view of the excellent 
results obtained with HS-31 alloy. 

Other resins and liquid coated sands should be 
evaluated for comparison. 

Dimensional Studies. As noted in the text, some 
bulging at the center of the heavy section was noticed. 
The magnitude of this effect and means for combat- 
ting it should receive study. 

Other methods of closing the mold (gluing, mechan- 
ical clamping, etc.) should be evaluated for their ef- 
fect on dimensions across the parting. 

Shells made with good automatic equipment should 
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be compared for reproducibility of casting dimensions. 

As part of the advanced work a dilatometer was 
built to measure the length changes of shells on 
heating and cooling. The instrument is illustrated in 


Fig. 19, and several curves for Geauga and zircon sand 
shells are illustrated, Fig. 20. The data indicate the 
coefficient of expansion for Geauga with 7 per cent 
resin approximates that of aluminum. These data will 
correlate with ease of stripping as well as the repro- 
duction of pattern dimensions in the shell. 
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TENSILE PROPERTY EVALUATION OF 





SHELL-MOLD-CAST VERSUS GREEN-SAND-CAST 
MAGNESIUM ALLOY TEST BARS 


By 


Nicholas Sheptak* 


ABSTRACT 

Nine commercial and experimental magnesium alloys 
were cast in green-sand and shell-mold test bar molds. 
Shell-mold cast test bars poured at 1400 F in Mg-Al-Zn 
alloys had lower properties than the green-sand cast 
bars. A study of the cooling rates of AZ92A alloy in 
shell molds and green-sand molds indicated that the 
metal cooled as much as six times faster in green-sand 
molds when both were cast at the same temperature. 
The use of reduced pouring temperatures, thicker 
molds, and mold backing increased the cooling rate of 
metal cast in shell-molds and raised the tensile prop- 
erties of Mg-Al-Zn alloys to a level comparable to 
green-sand cast bars. 

The insulating properties of shell molds hold poten- 
tial value for casting thinner walled castings and for 
metal savings through the use of smaller gates and 
risers. In addition, improvements in surface finish and 
dimensional tolerances can be realized while main- 
taining tensile properties comparable to green-sand 
castings. 

Introduction 

Feasibility of casting magnesium alloys in shell- 
molds has been demonstrated in previous publica- 
tions.1-2. While shell molding has proven to be an 
established process for the ferrous and heavy non- 
ferrous alloys, it has not progressed as rapidly for 
magnesium alloy castings. One of the deterrents has 
been the high strength developed by phenol-formalde- 
hyde-bonded shell molds and cores. This problem 
is now under study by the Shell Moiding Committee 
of the AFS Light Metals Division. 

Another deterrent has been the fact that some of 
the claims made for the process, such as machining 
savings and less metal poured per casting, are not of 
as great significance to magnesium alloy castings when 
compared to hard-to-machine iron and steel alloy 
castings. Lack of information regarding the effect of 
shell molds on tensile properties of magnesium alloys 
prompted investigation of test bar properties. 


Experimental Procedure 
A. Mold Preparation 
Shell-molds were made on a _ laboratory-designed 


= Metallurgical Laboratories, The Dow Chemical Co., Midland, 
Mich. 


1References are listed at the end of this paper. 


and built shell molding machine, using an aluminum 
pattern with four standard A.S.T.M. test bar prints, 
0.500-in. diameter in the reduced section. Seven per 
cent phenol formaldehyde resin was used to bond 
washed and dried silica sand of 155-160 AFS fineness 
number. Three per cent ammonium borofluoride 
was added to inhibit reaction of the metal with the 
atmosphere and the sand. All of the cope and drag 
shell molds were made using the same cycle of time 
and temperature except for the special molds used 
in the cooling rate studies. The cope and drag shell 
molds were pasted together in an assembly press. 

Green-sand test bar molds were made on a jolt- 
squeeze molding machine, using conventional mag- 
nesium foundry molding sand containing bentonite, 
sulfur, boric acid, water and di-ethylene glycol. The 
pattern used was of the same design as the shell mold 
pattern. 


B. Metal Preparation 


Forty-pound charges of the alloys were melted in 
steel crucibles in gas-fired settings, using standard 
magnesium melting practice. Commercial ingot was 
used to prepare AZ63A and AZ92A alloys. The bal- 
ance of the melts were made with the addition of the 
alloying elements to cell magnesium. Chlorination 
for degassing and superheating at 1650 F for grain 
refinement were used on the Mg-Al-Zn alloys. ‘The 
other melts were flux refined but no grain refinement 
treatment was necessary because of the inherently fine 
grain of zirconium-containing alloys. Pouring tem- 
peratures were 1400 F except for the cooling rate 
studies and the Mg-Al-Zn melts poured in shell molds 
subsequent to the studies. 


C. Heat Treatment 


Solution heat treatment where required was carried 
out in circulating air furnaces containing a minimum 
of 0.5 per cent SO, in the furnace atmosphere and 
up to 2 per cent minimurk SO, at the higher tempera- 
tures. Artificial aging treatments were carried out 
both in the furnaces and in oil baths. 
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D. Tensile Testing and Metallographic Examina- 
tion 

The test bars were tested in tension in accordance 
with A.S.T.M. standards for separately cast bars. 
Following testing, the fractures were rated for defects 
and one sample was taken at random from each series 
of bars for metallographic examination. Average 
grain sizes were determined for all the alloys, as well 
as compound ratings for the Mg-Al-Zn alloys in the 
heat treated condition according to the procedures 
outlined by George. The minimum and typical 
properties referred to in the tables are either A.S.T.M. 
specified properties for separately-cast green sand test 
bars according to A.S.T.M. B80-54T or proposed 
specifications for the experimental alloys. 


E. Cooling Rate Studies 


Thermocouples were placed at the center of the 
reduced section of one of the test bar cavities in the 
mold and at the center of the riser feeding that bar. 
Temperature readings were recorded with a multi- 
point high-speed recorder. In the tests to determine 
the effects of back-up material, the shell molds were 
placed in steel jackets and backed with a volume of 
green sand equivalent to the green-sand molds. 


Experimental Results 

Tables 1 and 2 summarize the results of the cooling 
rate studies. 

Tables 3 through 8 summarize the results for com- 
mercial alloys AZ63A (Mg +- 6.0 Al + 3.0 Zn + 0.15 
Mn minimum), AZ9IC (Mg + 8.7 Al + 0.7 Zn + 
0.13 Mn minimum) , AZ92A (Mg + 9.0 Al + 2.0 Zn 
+ 0.10 Mn minimum) , EK30A (Mg + 3.3 rare earth 
metals + 0.2 Zr minimum), EZ33A (Mg + 3.3 rare 
earth metals + 3.0 Zn + 0.7 Zr) and ZK51A (Mg + 
4.6 Zn + 0.7 Zr). Included in the tables are the 
average and range of the tensile properties, the typical 
and minimum properties where they are available,5.® 
the fracture and metallographic analyses, and the 
metal composition. Tables 9 through 11 summarize 
the data for the experimental alloys AZ81XA (Mg + 
7.6 Al + 0.7 Zn + 0.13 Mn minimum), HZ32XA 
(Mg + 3 Th + 2 Zn + 0.7 Zr), and HK31XA (Mg 
+ 3 Th + 0.7 Zr). 


Discussion of Experimental Results 


A. Cooling Rate Studies 

As a result of the coarser grain size and subsequent 
lower properties of the Mg-Al-Zn alloys cast in shell 
molds at 1400 F, it was decided to investigate factors 
affecting solidification rate. Table 1 summarizes 
data for the condition of constant pouring tempera- 
ture but varied mold treatment for AZ92A. The time 
required for the green-sand cast test bar to cool from 
the liquidus (1095 F) to the non-equilibrium solidus 
(775 F) temperature was 66 seconds. A %g¢-in. thick 
shell mold backed with green sand took almost five 
times as long to cool through this range, while an 
unbacked shell mold required 614 times as long as 
the green-sand cast metal. Increasing the shell mold 
thickness from *4¢ in. to 34 in. reduced the solidifica- 
tion time by only 13 seconds. It is apparent from 
these data that the shell molds become saturated with 


TasBLe | — Errect oF Motp THICKNESS AND SAND 
BACKING ON COoLinG RATE oF AZ92A TEst 
Bar CAstincs MADE IN SHELL MoLps 





Time (sec) to coo 
from Liquidus t 





Solidus Temp. 
Pouring Test 
Mold Condition Temp., F Bar? Riser? 
Green Sand Mold (Blank) 1400 66 225 
Shell Mold — %g¢ in.-Backed 1400 315 477 
Shell Mold — 3 in. 1400 416 635 
Shell Mold — %g in. 1400 429 627 
Shell Mold — } in. 1400 492 660 


1 Thermocouple located at center of reduced section. 
2 Thermocouple located at center of riser. 





heat extracted from the cooling metal and then act 
as insulators. While back-up sand increases the solidi 
fication rate, the shell mold saturated with heat is 
such a poor conductor that the heat is transferred to 
the sand at a slow rate. 

Effects of pouring temperature along with mold 
thickness and backing are summarized in Table 2. 
From these data it is apparent that reduced pouring 
temperature has almost no effect on the solidification 
rate of green-sand cast metal whereas it is highly 
significant for shell-mold cast metal. Since the shell 
molds have low heat capacity and low thermal con- 
ductivity, the less superheat in the metal when it is 
poured the better the chance that the metal will 
solidify before the shell mold becomes saturated. It 
is apparent, therefore, that the Mg-Al-Zn alloys cast 
in shell molds should be poured at the lowest possible 
temperature consistent with filling the cavity and 
producing sound castings. 


B. Commercial Alloys 


1. AZ63A. While the A.S.T.M. minimum speci- 
fied properties for separately-cast green sand bars for 
this alloy were realized (Table 3) in the shell-mold 


TaBLe 2 — EFFEcT OF POURING TEMPERATURE, MOLD 
BACKING AND MoLp THICKNESS ON COOLING RATE OF 
AZ92A Test Bar Castincs MADE IN GREEN 
SAND AND SHELL MO Lps 





Time (sec) to cool 
from Liquidus to 





Solidus Temp. 
Pouring Test 
Mold Condition Temp., F Bar! Riser? 
Shell Mold — %g in. 1400 429 627 
Shell Mold — %g¢ in. Backed 1400 315 477 
Shell Mold — %g in. 1350 405 636 
Shell Mold — % in. 1350 373 518 
Shell Mold — %g in. 1325 213 480 
Shell Mold — %g¢ in. Backed 1325 162 424 
Shell Mold — %g in. 1300 173 542 
Shell Mold —% in. Backed 1300 137 508 
Shell Mold — 3¢ in. Backed 1275 90 438 
Shell Mold — 3 in. Backed 1250 120 414 
Green Sand 1400 66 225 
Green Sand 1350 65 291 
Green Sand 1325 66 236 
Green Sand 1300 60 242 
Green Sand 1300 58 296 
Green Sand 1275 69 254 
Green Sand 1250 55 243 


1 Thermocouple located at center of reduced section. 
2 Thermocouple located at center of riser. 
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TABLE 3— COMPARISON OF SHELL-MoLp CAsT AND GREEN-SAND Cast AZ63A ALLOY 












Mold No. of Pouring Average Properties Range of Properties Fracture AGD CPD 
Alloy Type Bars Temper Temp.F %E_ TYS(Ksi) TS %eE TYS — (Ksi) — TS Analysis xl0%in. Rating 
“4 Sand 4 F 1400 5.5 14.3 28.3 4.5-6.5  14.0-14.7 27.8-28.9 _ 4 — 
, Shell 2 F 1400 5.5 14.0 29.0 5.5 13.3-14.7 -29.0 - 6 — 
Typical Properties 6 14 29 
Minimum Properties 4 10 24 
\ Sand 4 T4 1400 10.2 14.7 $8.2 9.0-12.5 14.5-15.1 36.5-40.7 — 4 1-2 
3} Sand 4 T4 1275 9.6 13.7 36.0 7.0-11.5 13.3-14.7 $2.2-40.1 2-P 4 0 
\ Shell 4 T4 1400 8.3 13.7 34.9 7.5-95  13.5-14.1 34.3-36.0 — 6 3-4 
B Shell 4 T4 1275 9.9 13.2 36.5 9.0-11.0 13.1-13.4 35.5-37.7  2-S,1-P 4 1 
Typical Properties 12 14 40 
Minimum Properties 7 10 34 
4 Sand 4 T6 1400 5.4 20.3 40.2 50-60  19.5-20.8 38.9-41.1 — 4 2 
4 Shell 2 T6 1400 3.8 20.1 35.6 3.0-4.5 20.1 35.6 1-I 6 5 
Typical Properties 5 19 40 
Minimum Properties 3 16 34 


NOTES: 1. Defects —I = inclusions, P = porosity, § = skins 
2. Heat Treatment—T4 730% 


—T6 
3. Analysis of Metal: 


73012 + 4255 


Al Zn Mn 


A 6.08% 3.09%, 0.28%, 


BS: 


90% 286% 0.35% 


4. AGD = average grain diameter 


. CPD = compound 


or 





cast bars, they were below the properties of the green- 
sand cast bars. Slow cooling in shell molds caused 
coarser grain and massive compound which did not 
respond to solution heat treatment. This resulted in 
lower tensile properties. The insulating qualities of 
shell molds have been previously reported.!:4 These 
lower properties in the Mg-Al-Zn series of alloys in- 
dicated that these alloys were more greatly affected 
by solidification rate than the zirconium-containing 
alloys. This observation prompted the cooling rate 
studies. The elongation and tensile strength in the 
-T4 and -T6 tempers were most affected by the cool- 
ing rate. Lowering the pouring temperature of the 
shell-mold cast bars to 1275 F improved the tensile 
properties. 

2. AZ92A. The behavior of this alloy (Table 4) 
parallels the behavior of AZ63A with one exception. 
The average per cent elongation of the shell-mold 
bars cast at 1400 F was below the specified minimum 


for separately-cast green-sand test bars. This was due 
both to the high compound rating and to the porosity 
seen in the fractures. Since porosity was also seen in 
one of the sand-cast bars, it is believed that insufficient 
degassing of the metal rather than mold material con- 
tributed to the porosity and lower properties. As with 
AZ63A alloy, the shell mold cast bars poured at the 
lower temperature had better properties. 

3. AZ91C. There was no apparent difference in 
the properties of shell-mold cast bars poured at 1275 F 
and green-sand cast bars poured at 1400 F (Table 5). 

4. EK30A. This alloy exhibited the effect of 
slower cooling of metal poured in shell molds, but to 
a lesser degree than the Mg-Al-Zn alloys (Table 6). 
The average tensile strength and per cent elongation 
of the shell-mold cast bars were below the typical 
values for this alloy but satisfied the minimum specifi- 
cations for green-sand cast bars. 

5. EZ33A. There was no significant difference 


TABLE 4— COMPARISON OF SHELL-MoLp CAsT AND GREEN-SAND Cast AZ92A ALLoy 








Mold No. of Pouring Average Properties Range of Properties Fracture AGD CPD 
Alloy Type Bars Temper Temp.F %E TYS(Ksi) TS %E TYS — (Ksi) — TS Analysis xlO0?in. Rating 
A Sand 4 F 1400 1.6 17.8 24.3 1.5-2.0 17.6-18.0 23.8-25.0 — 4 _ 
A _ Shell 2 F 1400 1.0 18.2 24.0 1.0 18.1-18.3 23.7-24.2 - 5 _ 
Typical Properties 2 14 24 
Minimum Properties 1 10 20 
A Sand 4 T6 1400 1.4 25.4 40.8 1.0-2.0 24.2-26.3 37.4-43.7 1-P,1-I 4 2 
B_ Sand 2 T6 1400 15 23.2 41.2 1.5 23.0-23.3 40.5-41.8 _ 6 2 
B_ Sand 2 T6 1275 2.0 23.9 39.8 15-25  23.8-24.0 38.4-41.2 - 6 0-1 
A _ Shell 2 T6 1400 0.8 27.1 34.9 0.5-1.0 24.6-29.6 33.4-36.4 2-P 5 4-5 
B__sShell 4 T6 1400 0.8 23.7 36.8 0.5-15 22.6-24.6 33.8-38.6 2-P,1-S 6 4 
B__sShell 3 T6 1275 1.7 24.4 $9.5 15-20 24.1-25.0 39.2-39.8 1-1 6 2 
Typical Properties 2 23 40 
Minimum Properties 1 18 34 


NOTES: 1. Fracture Analysis—P 


= porosity, I = inclusion, S = skins 


2. Heat Treatment—T6 775'* + 425° 


3. Analysis of Metal: 


Al 


A B 
9.23% 9.20%, 


Zn 1.91% 1.47% 
Mn 0.32% 0.19%, 
4. AGD = average grain diameter 


. CPD = compound 
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TaBLe 5 — COMPARISON OF SHELL-MoLp CAsT AND GREEN-SAND Cast AZ9IC ALLoy 








Mold No, of Pouring Average Properties Range of Properties Fracture AGD CrD 
Type Bars Temper Temp.F %E_ TYS(Ksi) TS %E TYS — (Ksi) — TS Analysis xl0%in. Rating 
Sand 4 F 1400 3.0 16.4 25.5 3.0 16.1-16.8 24.8-26.1 _ 4 _ 
Shell 4 F 1275 2.8 15.1 23.4 2.0-3.0 14.8-15.3 23.2-23.7 - 4 - 
Typical Properties : 2 14 24 

Minimum Properties - 10 18 

Sand 8 T4 1400 11.5 15.2 39.2 10.0-13.5  14.7-15.8 36.4-42.0 _ 4 ] 
Shell 3 T4 1275 11.0 13.8 $8.6 10.5-11.5 13.6-14.0 37.4-39.2 _ 4 0- 
Typical Properties 11 14 40 

Minimum Properties 7 10 34 

Sand 4 T6 1400 5.5 21.4 41.5 50-65 20.0-22.2 37.7-45.0 _ 4 0-1 
Shell 3 T6 1275 5.2 19.9 39.1 4.0-6.5 19.0-20.4 35.2-41.6 - 4 0-1 
Typical Properties 4 19 40 

Minimum Properties 3 16 34 


NOTES: 1. Heat Treatment—T4 790°67077901° 
T6 790°6707790 + 33516 
2. Analysis of Metal: 


Al 8.92% 
Zn 0.66% 
Mn 0.31% 


3. AGD = average grain diameter 
4. CPD = compound 





TABLE 6— COMPARISON OF SHELL-MoLp CAsT AND GREEN-SAND Cast EK30A ALLoy 








Mold No. of Pouring Average Properties Range of Properties Fracture AGD 
Type Bars Temper Temp.F %E _ TYS(Ksi) TS %E TYS — (Ksi) — TS Analysis x10°3 in. 
Sand 4 F 1400 4.4 13.1 20.1 4.0-4.5 12.6-13.9 19.5-20.9 2-I 2 
Shelli 4 F 1400 4.0 11.8 18.5 3.5-5.0 11.5-12.0 17.8-19.1 1-I 3 
Sand 4 T6 1400 4.0 16.5 24.5 4.0- 16.4-16.7 23.9-25.0 2-I 2 
Shell 3 T6 1400 2.2 16.3 22.0 2.0-2.5 16.2-16.4 21.7-22.6 2-1 3 
Typical Properties 3 16 23 

Minimum Properties 2 14 20 


NOTES: 1. Defects — I = inclusion 
2. Heat Treatment—T6 10501 + 40016 
3. Analysis of Metal: 
Total Rare Earth Metals 2.93%, 
Total Zirconium 0.45%, 
4. AGD = average grain diameter 





TABLE 7 —CoOMPARISON OF SHELI-MoLp CAST AND GREEN-SAND Cast EZ33A ALLoy 








Mold No. of Pouring Average Properties Range of Properties Fracture AGD 
Type Bars Temper Temp.F %E _ TYS(Ksi) TS %E TYS — (Ksi) — TS Analysis x10°3 in. 
Sand 4 F 1400 4.5 17.0 24.3 4.5 16.6-17.5 24.0-24.7 - 1 
Shell 3 F 1400 5.0 15.3 23.5 4.5-5.5 14.8-15.6 23.3-23.7 = 1-2 
Sand 4 T5 1400 3.8 17.9 24.4 3.0-4.0 17.5-18.3 24.0-25.3 1-1 <1 
Shell 3 T5 1400 4.2 16.7 23.9 3.0-6.0 16.3-17.4 22.8-25.4 = 1 
Typical Properties 3 16 23 

Minimum Properties 2 14 20 


NOTES: 1. Defects — I — indusion 
2. Heat Treatment T5 4205 
3. Analysis of Metal: 


Total Rare Earth Metals 3.02% 
Zinc 3.41% 
Zirconium — Total 0.60% 


4. AGD = average grain diameter 





between the green-sand and shell-mold cast properties perature applications led to its inclusion in this in- 
(Table 7). All of the bars met the typical values for vestigation. There was no apparent difference be- 
this alloy. tween the sand-cast and shell-mold cast bars (Table 9). 
6. ZK51A. There was a tendency for the tensile This alloy appeared to have the least sensitivity to 
yield strength values of the shell-mold cast bars to differences in cooling rate of all the alloys tested. 
fall below the green-sand cast properties, but they An advantage of the shell mold as compared to the 
approached the typical values for this alloy (Table 8). green sand mold for both HZ32XA and HK31XA was 
It is interesting to note the high level of properties the elimination of the characteristic surface discolora- 
obtained in this alloy in spite of the defects found in tion of thorium-containing alloys. 
the fractures of both green-sand and shell-mold cast 2. HK31XA. The shell-mold cast metal yielded 
bars. higher average tensile strength and per cent elonga- 
tion than the green-sand cast metal, but all of the 
C. Experimental Alloys properties were acceptable (Table 10). 


1. HZ32XA. Interest in this alloy for high tem- 3. AZ81XA. There was little difference in the 
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TABLE 8 — COMPARISON OF SHELL-MoLp CAsT AND GREEN-SAND Cast ZK51A ALLoy 
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Mold No. of Pouring Average Properties Range of Properties Fracture AGD 
All vy Type Bars Temper Temp.F %E_ TYS(Ksi) TS %E TYS — (Ksi) — TS Analysis x10°3 in. 
“A Sand 4 F 1400 8.0 21.7 36.7 75-85 213-222 35.8-37.7 3-1 
B Sand 4 F 1400 10.3 22.1 38.2 85-125 21.7-22.0 36.8-40.2 4 1-2 
4 Shell f F 1400 9.5 21.2 $8.1 8.5-10.0 20.4-21.7 —-36.9-38.9 ed 1 
B Shell t F 1400 10.4 20.3 39.0 8.5-11.5 20.1-20.4 38.1-39.8 a 2-3 
A Sand 3 T5 1400 6.2 26.1 38.9 5.0-6.5 26.0-26.2 37.5-39.6 iT 1-2 
B Sand { T5 1400 8.3 27.4 40.9  5.0-10.5 27.1-27.6 38.7-42.1 TT 1-2 
. Shell t T5 1400 6.9 25.6 39.7 5.5-8.5 25.4-25.8 38.3-41.2 4-1 2- 
B Shell t T5 1400 8.0 25.0 41.0 8.0 24.9-25.0 10.7-41.3 4-P 2-3 
Typical Properties 8 26 40 
Minimum Properties 5 20 34 
NOTES: 1. Defects — I = inclusion, P = porosity, B = blow 
2. Heat Treatment T5 3501? 
3. Analysis of Metal: 
Alloy A Allov B 
Zinc 5.3 %, 5.24% 
Total Zirconium 0.92% 0.80% 
4. AGD = average grain diameter 
TABLE 9— COMPARISON OF SHELL-MoLp CAst AND GRFEN-SAND Cast HZ32XA ALLoy 
Mold No. of Pouring Average Properties Range of Properties ’ Fracture AGD 
Alloy Type Bars Temper Temp.F %E _ TYS(Ksi) Ts EF TYS — (Ksi) — TS Analysis x10°3 in. 
A t——6—lhlCUCTE UT. CSS 126 308 125-195 122-129 299-313 3-1 i= 
B Sand 4 F 1400 14.9 12.7 31.0 12.5-18.0 12.4-12.9 $0.7-31.6 1-1 1-2 
A Shell { F 1400 18.0 12.2 $1.8 15.0-21.0  12.1-12.3 31.5-32.2 4-1 2 
B_ Shell i F 1400 19.9 13.1 31.6 18.0-24.0 12.5-13.8 3$1.2-31.7 4-I 1-2 
A Sand 4 T5 1400 10.5 14.5 $31.6 10.0-11.0 14.1-14.7 $1.0-32.2 3-1 2 
B Sand 4 T5 1400 7.6 15.2 29.9 5.5-11.5 15.1-15.4 98.0-33.1 3-1 1-2 
A Shell t T5 1400 8.5 15.3 324 7.0-10.0 15.2-15.5 31.6-33.1 4-1 2 
B_ Shell 4 T5 1400 7.8 16.4 $2.7 5.5-9.5 16.1-16.6 30.6-34.0 - 1-2 
** (See below) 
NOTES: 1. Defects — I — inclusion 
2. Heat Treatment T5 60016 
3. Analysis of Metal: 
Alloy A Alloy B 
Thorium 2.827, 2.817 
Zinc 1.50%, 2.06% 
Zirconium — Total 0.82%, 0.80% 
1. AGD =— average grain diameter 
** 
Typical Properties 6 15 29 
Minimum Properties 4 13 27 
TABLE 10—CompParIsON OF SHELL-Mortp CAst AND GREFN-SAND Cast HK31IXA ALLoy 
Mold No. of Pouring Average Properties Range of Properties Fracture AGD 
Type Bars Temper Temp.F %E  TYS(Ksi) TS %E TYS — (Ksi) — TS Analysis x10°3 in. 
Sand 4 F 1400 8.9 12.3 23.5 7.5-10.0 12.2-12.4 22.6-24.2 4-I 2 
Shell 1 F 1400 9.5 12.6 24.1 80-110 124-128 23.2-25.4 ch 2 
Sand t T6 1400 5.5 16.9 28.8 4.0-7.5 16.7-17.2 26.8-31.6 4-I 2 
Shell 4 T6 1400 6.8 16.3 30.3 6.5-7.5 16.0-16.5 29.4-31.1 7 2 
Typical Properties 6 16 31 
Minimum Properties i 13 27 


NOTES: 1. Defects: I = inclusion, B = blow, P = porosity 
2. Heat Treatment—T6 10607 + 400%6 
3. Analysis of Metal: 
Thorium 3.08%, 
Zirconium — Total 0.72% 
4. AGD = average grain diameter 
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TABLE 11 —CoMPARISON OF SHELL-MoLpD CAST AND GREEN-SAND Cast AZ81XA ALLoy 














T4 
2. Analysis of Metal: 


4. CPD = compound 


Mold No. of Pouring Average Properties Range of Properties Fracture AGD CF) 
Alloy Type Bars Temper Temp.F %E_ TYS(Ksi) TS %E TYS — (Ksi) — TS Analysis xl0%in. Rato 
A Sand 4 F 1400 2.8 16.5 24.6 2.0-3.0 16.1-16.8 24.4-24.8 _ 4-5 _ 
B_ Sand 4 F 1400 5.0 15.0 27.3 5.0 14.7-15.1 26.8-27.6 _ 5 _ 
A Shell 4 F 1400 25 17.7 25.9 2.0-3.0 17.1-18.5 24.4-27.8 - 5 - 
B Shell 4 F 1275 4.5 13.9 26.2 40-50 13.5-14.3 25.0-26.8 - 5 ~ 
A Sand 8 T4 1400 10.0 15.8 38.7 9.0-10.5 15.4-16.1 37.0-39.5 - 4 3-4 
B_ Sand 2 T4 1400 11.5 14.1 $7.6 10.5-125 14.0-14.1 36.8-38.3 - 5 2 
C Sand 4 T4 1400 16.3 13.9 39.9 15.5-16.5 13.1-14.5 39.5-40.0 _ 8 0 
Cc Sand 4 T4 1275 14.4 13.7 38.2 13.5-15.0 13.4-13.9 37.5-39.0 — 4 0 
A _ Shell 3 T4 1400 8.3 15.1 $7.1 7.5-9.5  15.0-15.2 36.0-38.6 — 4 4-5 
C sShell 4 T4 1400 16.1 13.5 39.4 15.0-17.5 13.0-13.8 38.2-40.2 — 4 0 
C Shell 4 T4 1275 14.1 15.3 39.5 14.5-16.0 15.1-15.5 39.0-40.0 - 4 0 
Typical Properties 12 14 40 
Minimum Properties 7 10 34 


NOTES: 1. Heat Treatment—T4 790% Alloy A 
790°670279019 Alloy B and C 


A B Cc 


Al 8.10% 7.78% 7.70% 

Zn 0.98% 066% 0.63% 

Mn 0.21% 0.36% 0.28%, 
3. AGD = average grain diameter 





results obtained with green sand and shell molds at 
both 1400 F and 1275 F (Table 11). This alloy is in 
the Mg-Al-Zn system but, since it does not contain as 
much zinc as either AZ63A or AZ92A alloys, the 
slow cooling rate in shell molds did not have as much 
effect on the compound formation. The 1275 F pour- 
ing temperature did raise the average -T4 tensile 
yield strength of shell-mold cast bars almost 2,000 psi 
over the bars poured at 1400 F. 


D. Shell Molding 


While they might appear to be a disadvantage of 
the process, the insulating properties of shell molds 
should permit the casting and feeding of thin-walled 
castings, the use of smaller gates and risers, and the 
use of lower pouring temperatures. These factors are 
of especial significance with the emergence of the 
more costly thorium-containing alloys and the demand 
for thin-walled castings with good surface finishes and 
dimensional tolerances. Shell molding should yield 
all of these advantages and produce castings with 
satisfactory tensile properties. 
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DISCUSSION 


Chairman: D. L. CoLwELL, Apex Smelting Co., Cleveland. 

Co-Chairman: W. A. Maver, Oberdorfer Foundries, Inc., Syra- 
cuse, N.Y. 

J. G. Mezorr: What practical reduction in foundry pouring 
temperatures will be possible by use of shell molding? 


N. SHEPTAK: In our case, we were able to reduce pouring 
temperatures for the Mg-Al-Zn alloys 125 F to obtain properties 
comparable to green-sand-cast test bars poured at 1400 F. The 
temperature reduction that can be realized will depend on the 
alloy composition, the rigging, the size and shape of the casting, 
and whether or not the shell mold is backed for pouring. 

J. E. Botr:? The tensile strength data as presented appear to 
be on unmachined bars. Have you data to indicate any signifi- 
cant difference in machined versus unmachined bars when com- 
paring shell molded with green-sand-cast test bars? 

N. SHEPTAK: We made no evaluation of machined bars in this 
program. 

J. W. Meter:® Results of a similar investigation on properties 
of shell molded magnesium alloys carried out at the Canadian 
Department of Mines showed the same trend as presented by 
Mr. Sheptak. 

In reply to the previous question, our experience shows that 
properties of “cast-to-shape” test bars are very little different 
from properties of machined, separately-cast test bars, and the 
differences were found to be insignificant. 

R. F. Datton:* Would not a graph showing mechanical proper- 
ties versus cooling rate regardless of the molding medium be of 
interest? 

Do you have any experience with better inhibitors than were 
used previously? 

N. SHEPTAK: A plot of mechanical properties versus cooling rate 
would definitely be of interest. Unfortunately, the scope of our 
investigation was not sufficiently broad to prepare such a plot. 
Regarding inhibitors, we are continually looking for better ones, 
but have not discovered anything to replace NH«BFs. 

CHAIRMAN COLWELL: You have stated that shell molded cast- 
ings were as good as sand molded. Does it follow that they are 
no better? 

N. SHEPTAK: Based on mechanical properties alone, the shell- 
mold-cast test bars on the average were no better than the 
green-sand-cast bars. However, shell-mold-cast bars did have 
smoother surfaces, were cast closer to size, and in the case of the 
thorium-containing alloys, were free of the characteristic oxide 
discoloration. 


. The Dow Chemical Co., Midland, Mich. 

. General Electric Co., Chemical and Metallurgical Div., Pittsfield, Mass. 
. Department of Mines and Technical Surveys, Ottawa, Ontario, Canada. 
. Howard Foundry Co., Chicago. 
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THEORY OF NODULAR GRAPHITE 





FORMATION IN DUCTILE CAST IRON 


Paul H. Anderson* 


ABSTRACT 

A hypothesis is presented which takes into account 
the effect of surface energies involved in the formation 
of graphite nodules from carbon rejected from the iron 
melt, and which proposes that the crystallization of the 
graphite nodules occurs in the direction from the 
graphite-metal interface toward the nodule center. 

This requires that the carbon from the unstable, 
under-cooled liquid precipitates as a cloud of minute 
platelets. It is postulated that the platelets are only a 
few angstrom units across, and that they are only one 
carbon atom thick. 

The platelets, behaving initially as flat carbon mole- 
cules, Cx, do not tend to be wetted by the melt, thus 
giving them an opportunity to agglomerate into spheri- 
cal masses. During the time of agglomeration it is 
believed that the spherical masses of carbon assume 
the characteristics of a phase intermediate between the 
solute carbon and the crystalline graphite — mesoforms 
or liquid crystals. Evidence is presented, showing that 
this transition would account for both the nodular shape 
and the observed crystallographic orientation of the 
graphite. 

Crystallization occurs at, or just under, the eutectic 
temperature when the mesoforms acquire crystalline 
regularity in all three dimensions. X-ray diffraction 
studies have indicated that numerous imperfections in 
the graphite crystals exist after solidification of the 
melt. Prolonged annealing at temperatures just under 
the eutectic temperature decreases the imperfections in 
the crystals by allowing a consolidation of the graphite 
to occur. 

Introduction 

A hypothesis is presented herein which takes into 
account the effect of surface energies involved in the 
formation of graphite nodules from carbon precipitate 
rejected from the iron matrix. It proposes that the 
carbon precipitated from the matrix, because of de- 
creasing carbon solubility, exists first as finely divided 
amorphous particles that become agglomerated into 
nodular masses which subsequently crystallize to give 
the characteristic radiating structure observed in 
nodular graphite. 

In this paper the term nodular graphite is used to 


*Associate Professor of Metallurgical Engineering and Acting 
Head of the Department of Metallurgy, South Dakota School 
of Mines, Rapid City, $.D. This paper is based on the author's 
doctoral dissertation which was submitted to the Graduate 
School of the University of Minnesota in January 1954. The 
experimental work was performed in the laboratories of the 
Colorado School of Mines while the author was employed there 
aS an instructor in metallurgy. 
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describe the spherulitic masses of graphite that are 
found in cast irons, and similar materials, which con- 
tain rounded masses of graphite in castings that are 
cooled directly from the melt without subsequent heat 
treatment. Ductile cast iron is used to define the iron 
that contains nodular graphite regardless of the partic- 
ular structure of the non-graphitic matrix. 

Any thorough discussion of the formation of nodular 
graphite must necessarily include data pertaining to 
the crystallography of the graphite crystal and a review 
of some of the hypotheses that have been formulated 
to explain the mechanism of nodule formation. 


The Structure of Graphite 

The graphite crystal is composed of planes of car- 
bon atoms forming a hexagonal network in which the 
C—C distance is 1.42A. This is an intermediate bond 
length for carbon which indicates that the four bonds 
from each atom are used in the plane, giving a 
resonance structure. Each bond, then would have 
an average value of one-third the double bond 
strength.! The carbon atoms in adjacent planes are 
situated so that only one-half of them are directly 
above atoms in the plane immediately below. The 
planes are loosely held together by van der Waals 
forces with the distances of closest approach being 
3.40A, and the repeat distance along the c-axis having 
twice that value. 

With bond energies distributed as they are in graph- 
ite, crystal growth occurs most readily in the direc- 
tions perpendicular to the c-axis. Flake graphite in 
cast iron is so constituted that the planes of carbon 
are arranged parallel to the long dimensions of the 
flake. 

Early in 1950 M. Nacken and E. Piwowarsky re- 
ported on the exact structure of nodular graphite.? 
As might well be expected, they found that natural 
graphite, kish, gray iron graphite, nodular graphite, 
synthetic graphite, and temper carbon all have the 
same crystallographic structure. In the case of nodular 
graphite it was demonstrated that the basal plane of 
the graphite lies in the surface of the nodule, per- 
pendicular to the radii. 

The following year W. P. Fishel and Robert C. 
Bramlette made a significant addition to our knowl- 
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edge of nodular graphite crystallography.* They ob- 
served that x-ray diffraction patterns of extracted 
nodules showed characteristic graphite lines, but they 
found that the lines were weaker than for natural 
graphite. In other words, the nodular graphite was 
not as completely crystalline as natural graphite. 


The Problem of Nodule Formation 

When Morrogh and Williams succeeded in _pro- 
ducing nodular graphite they recognized that its 
mechanism of formation posed a knotty problem in- 
deed. In the conclusion to their 1947 paper‘ the fol- 
lowing questions were asked: “What determines 
whether crystallization or the formation of a new 
phase shall give a spherulitic pattern? Can spherulites 
form directly from the liquid or is a constricting con- 
dition necessary, such as that existing in a transfor- 
mation in the solid or the solidification of liquid 
crystals? Is it necessary that a particular type of nu- 
cleus be present to initiate spherulitic crystallization 
and, if so, does the crystal structure of this nucleus 
play a part?” Not all of these questions have been 
answered, but they have served to direct, and to re- 
strict, much of the subsequent research that has been 
conducted. 

The success which these investigators reported the 
following year, i.e., the use of cerium to produce nod- 
ular graphite in cast iron, still left them with the 
problem of trying to explain why the process worked.® 
They had found that the nodules consisted of fine- 
grained central spherulites surrounded by coarser- 
grained graphite. Their explanation suggested that 
the central portion was hypereutectic graphite formed 
in the melt. This, of course, was completely different 
from the formation of graphite spherulites in white- 
heart malleable and seemed to require the presence 
of solid nongraphitic nuclei upon which the nodules 
could form. Then their enlargement from eutectic 
graphite could occur in the solid state and the duplex 
structure of the nodules was apparently explained. 

That the mechanism was not thoroughly under- 
stood, however, was indicated in their conclusion 
which stated: “It is perhaps not surprising that the 
eutectic graphite should crystallize in a spherulitic 
form upon an already existing hypereutectic spheru- 
lite, but the problem is to know what determines that 
the hypereutectic graphite will be spherulitic. Does 
cerium introduce nuclei into the melt which promote 
spherulitic crystallization of the hypereutectic phase?” 

Numerous contributions to the literature followed 
the raising of this question, and various hypotheses 
were proposed. A most significant contribution came 
in 1951 when Buttner, Taylor, and Wulff presented 
findings that showed the effect of surface energies in 
relation to the formation of nodular graphite.6 They 
found that the interfacial energy between graphite 
and the melt is low in the case of gray. iron and that 
it is high in remelted ductile iron. This was proved 
qualitatively by demonstrating that ordinary gray iron 
will wet graphite and that ductile iron does not tend 
to wet graphite. 

Additional data on the effect of surface energy 
were presented by Keverian, Taylor, and Wulff in 
1953.7 A series of vacuum fusions was conducted on 
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high purity materials to determine whether graph ie 
nodules could be produced in the absence of a noc »- 
lizing addition. It was demonstrated that this coula 
accomplished, thereby indicating that the effect of a 
nodulizing addition is to remove surface active e:c- 
ments that would otherwise be absorbed by the grap :- 
ite; specifically sulfur and oxygen. 

The high interfacial energies existing between no 1- 
ular graphite and the melt require a greater degree of 
undercooling of the melt to provide the energy dif- 
ference necessary for the nucleation of graphite par- 
ticles. From this point the authors use Robert Mehi's 
observations on crystal growth in supersaturated so- 
lutions to support their hypothesis of spherulitic no- 
dule formation. Mehl has shown that with increasing 
supersaturation the difference in rates of growth of 
the different crystal faces decreases.§ From this Ke- 
verian, Taylor, and Wulff conclude that under the 
unstable conditions of undercooling, graphite nuclei 
will generate nodules by growing at a uniform rate in 
all directions. This author believes, however, that the 
changes in rate described by Mehl would favor the 
appearance of a stubby, tabular type of graphite. 


A New Mechanism Proposed 

In the light of the foregoing discussion a new 
hypothesis is now presented which accounts for the 
shape and structure of the primary nodule, or the 
hypereutectic spherulite, the formation of which puz- 
zled Morrogh and Williams at the outset. The effect 
of high surface energies in inducing maximum under- 
cooling produces a highly unstable situation. That 
only a few graphite nuclei should form from the melt 
to provide bases for nodule growth seems implausible 
under the circumstances. 

If one takes the volume of melt from which a graph- 
ite nodule is about to form it is found that a given 
point within this unstable region is ready to preci- 
pitate a fragment of graphite containing only a few 
atoms of carbon. At the same instant, at any other 
point within the region the same situation exists. 
When the degree of unstability becomes so great that 
precipitation occurs, a snowstorm of amorphous 
graphite particles may precipitate. As the melt does 
not wet these particles it is difficult for them to grow 
at the expense of carbon still in solution, but they will 
readily flocculate, forming a nodular mass. This paper 
proposes that the spherical shape assumed by the mass 
is analogous to the formation of spherical droplets in 
an emulsion of two immiscible liquids. 

The term amorphous graphite has been used in a 
double sense: firstly, from the standpoint of particle 
size, and secondly, because of the striking similarity 
between the formation of graphite spherulites and the 
formation of spherulites in some liquid crystal sys- 
tems. In regard to the former, J. J. Trillat has dem- 
onstrated the crystallinity of Russ charcoal which seems 
to be amorphous when subjected to x-ray diffraction.® 
He has found by electron diffraction, however, that 
this material is not amorphous; that crystals do exist 
of the order of 50A in size. 

Considering the C—C bond distance in graphite, 
1.42A, the first particles of graphite rejected from the 
melt must be appreciably smaller than 50A, probably 
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20. more than 5 to 6A in the tightly bound plane of 
ca bon atoms, and there would be no means of ob- 
e: ving crystalline arrangement. Furthermore, because 
of the extremely weak bonding in the direction of the 
xis, these platelets would behave much like small 
_ organic molecules, Cx, coalescing to give an inter- 
icdiate phase between that of solute carbon and the 
ormation of true graphite. 

if one considers the carbon at this stage of aggre- 
gation to behave in a manner similar to certain or- 
ganic molecules it may be concluded that the initial 
nodule is a mesoform, a liquid crystal. Substances 
made up of asymmetrical molecules have a tendency 
to maintain some of the characteristics of the crystal- 
line structure above the melting point. R. C. Evans’ 
description of the smectic state, one of the known 
states of aggregation in liquid crystals, explains how 
this phenomenon occurs.!° He says, “In the smectic 
state the molecules are all arranged with their axes 
parallel and are restricted in their movement to mo- 
tion in a series of regularly spaced parallel sheets, 
within each of which, however, there is no regularity 
of arrangement.” Figure 1 shows a schematic repre- 
sentation of a smectogenic crystal and a smectic liquid 
crystal. 


— 


w 
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Fig. 1 — Sketch A shows the regular arrangement in a smec- 

togenic crystal. Sketch B shows the orderly arrangement of 

parallel sheets with which the molecules are arranged at 
random. 


The effect that surface energy has on shaping the 
liquid crystal has been shown by a number of investi- 
gators. As a first example, attention is called to the 
characteristics of the “graded drop” described by Tay- 
lor and Taylor.11 “When a small mass of para-azoxy- 
benzoate is fused on a carefully cleaned glass plate or 
a freshly cut cleavage surface of mica, it does not wet 
the surface but draws up into a drop whose upper 
surface is smooth and perfectly plane and whose 
edges are graded off into steps. The drop appears to 
be built up of a pile of planes which, when the drop 
is touched, glide over one another easily and recall 
the cleavage planes of crystals.” They proceed with 
reference to “Other structures, some of them strongly 
resembling crystalline forms with edges rounded off, 
are met with when certain of these substances separate 
from solution.” 

In order to account for the radial structure found in 
some graphite nodules, however, one must consider 
the effect of the interface between the melt and the 
nodule. It has been proven by Trillat that a preferred 
orientation occurs when a crystal is formed in contact 
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with a liquid by which it is not wet.1! Thin films 
were prepared by evaporating dilute solutions of par- 
affin in benzene on water. Concerning the experiment 
he wrote: “The paraffin (orthorhombic crystals) in 
general gave a diagram consisting of Debye-Scherrer 
rings; by turning the preparation about an axis nor- 
mal to the electron beam, it can be shown that the 
crystals are oriented by the water in such a way that 
the basal plane (ab) rests on the liquid, the carbon 
chains thus arranging themselves normal to the sur- 
face.” In the case of nodular graphite it has been 
observed that the basal planes (0001) are perpendic- 
ular to the nodule radii, from which it follows that 
the c-axis is perpendicular to the metal graphite 
interface. 

The manner in which surface orientation affects 
the structure of the interior has been described by 
J. D. Bernal and D. Crowfoot.!? In a comparison of 
smectic and nematic liquid crystals they wrote: 

“It is probable that all the inner structures ob- 
served in mesophases have their origin in surface 
forces. The effects of these are actually simplest when 
the surface is that of a rigid foreign substance, glass 
or mica. If there is free surface in contact with an- 
other phase the orientation of molecules inside this 
surface will be conditioned only by the orientation of 
the surface layers. In nematic crystals . . . the case is 
simplest . . . In the case of smectic structures . . . the 
structures will be very different from the nematic, as 
there can here be no yield by transference of molecules 
from one layer to another. The smectic state is more 
influenced by surface forces than any other. In the 
more fluid nematic and liquid these are limited in 
their action to a thin layer by the fluidity of the 
interior; in the solid, they are also limited to a thick 
layer by the rigidity. Only in the smectic phase does 
the action of surface forces permeate the whole body 
of the substance.” 

Further evidence of the similarity between liquid 
crystal systems reported in the literature and the struc- 
ture of nodular graphite can be found in a paper by 
A. S. C. Lawrence.!* Of particular interest is a series 
of pictures (Fig. 4, facing page 1011 in Reference 13) 
of liquid crystal droplets which look surprisingly like 
pictures of nodular graphite. The mesoforms, as Law- 
rence calls them, are lithium tartrate precipitated 
from solution. They exhibit a radial structure in both 
the liquid crystal and the crystalline states, a phenome- 
non that must be attributed to surface forces at the 
interface. Additional similarity to the ductile iron 
system is found in the photograph (same Figure) 
that shows how crystallization occurs directly from 
the liquid phase. The previously formed mesoforms 
are present, surrounded by plates of lithium tartrate 
which have grown from the liquid. These strongly 
resemble the appearance of a ductile iron in which 
the graphite has not been completely nodulized. 

At this point it may be well to summarize the main 
features of this hypothesis: 

1. Carbon from the unstable, undercooled liquid 
precipitates as a cloud of minute platelets. 

2. The platelets agglomerate to give a carbon mass 
approximately spherical in shape. 
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5. The platelets behave initially as flat carbon 
molecules, C,. 

4. The weak bonding forces along the c-axis of the 
graphite crystal allow the platelets to assume an in- 
termediate phase, the mesoform or liquid crystal, be- 
fore crystallization occurs. 

5. Crystallization proceeds from the metal-carbon 
interface toward the center in keeping with the normal 
requirements of heat transfer during ordinary solidi- 
fication. 

6. Interfacial energy is responsible for the shape 
of the nodule. 

7. Interfacial energy is responsible for the crystal- 
lographic orientation found in the graphite nodule. 

The foregoing hypothesis resolves the conflicting 
statements made previously in the literature concern- 
ing the formation of nodular graphite. None of the 
established experimental observations made in var- 
ious laboratories need be ignored in accepting this 
proposal, for it accounts fully for the evidence thus 
far presented in the literature. 

Neither the presence nor the absence of extraneous 
nuclei has been discussed, for their presence, or ab- 
sence, is incidental to the formation of graphite nod- 
ules. The various non-graphitic particles that have 
been reported as nuclei of nodular graphite have 
indeed been present in the samples observed. That 
they should become associated with the graphite phase 
poses no special problem, and their location at the 
centers of the nodules is here considered to be the 
result of normal segregation during the orientation 
and crystallization of the nodule. 

Growth of the nodule, after the initial formation 
in the liquid, occurs as a result of the decomposition 
of cementite and diffusion of carbon in the solid 
state. This is the malleabilizing mechanism which is 
adequately described in the literature. 


Experimental Program 

It is recognized by this writer that an absolute 
proof of the hypothesis presented would be most dif- 
ficult to obtain by experiment. A procedure was de- 
vised, however, which allowed for the possible rejec- 
ion of the hypothesis if negative results should be 
obtained. 

Samples of commercial nodular cast iron were se- 
cured from the Electron Corp. of Littleton, Colo. 
through the courtesy of Harry Wilson. These samples 
were subjected to the following laboratory program: 

1. Prepare samples of approximately 0.75 cu in. 
from standard Y-blocks. 

2. Anneal samples at 2000 F (1093 C) for periods 
of 1 hr, 10 hr, and 100 hr. 

3. Determine hardness of the annealed and the 
as-cast specimens. 

4. Examine the microstructures of the annealed and 
the as-cast specimens. 

5. Secure clean nodular graphite samples from the 
annealed and the as-cast specimens. 

6. Determine the x-ray diffraction patterns of each 
of the nodular graphite samples. 

7. Determine the x-ray diffraction pattern of a min- 
eral graphite sample. 

8. Note any significant variations in the diffraction 
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line intensities and distributions among the varic 15 
samples. 


Experimental Procedure and Data 
The Electron Corp. supplied chemical analyses >f 
the Y-blocks provided for the investigation. Thc :e 
data are given in Table 1. Small blocks of the n i- 
terial were sawed from the Y-blocks, and these we e 
ground to remove oxide and surface defects. 


TABLE | — CHEMICAL. ANALYSES OF DUCTILE IRON 
SAMPLES USED IN THE INVESTIGATION 


Y-block No. 1078 
Sample No. 2 





Y-block No. 714 
Sample No. | 








C —337 % C —353 % 
Si — 3.22 Si —3.08 
Mn— 0.38 Mn— 0.34 

S —0.027 S —0.027 
P —0.036 P —0.056 
Mg— 0.058 Me — 0.057 





The furnace used for the annealing cycles was a 
Lindberg carbon combustion tube furnace heated elec- 
trically by globar elements. A helium atmosphere 
was employed to prevent specimen oxidation. As the 
temperature was controlled by varying the power- 
input settings a fluctuation between 1950 F (1065 C) 
and 2035 F (1113 C) was observed; efforts were 
made to maintain an average temperature of 2000 F 
(1093 C). 

Samples were held at temperature for periods of | 
hr, 10 hr, and 100 hr, and then they were allowed to 
cool in air. 

The hardness of the samples was found to increase 
with increasing annealing time. Table 2 presents the 
Rockwell “C” hardness values for all samples. 


TABLE 2 — OBSERVED HARDNESS VALUES OF 
EXPERIMENTAL SAMPLES 











Hardness 
Rockwell “C” 
Treatment No. 1 No. 2 
As-cast 3 22 
Annealed 1 hr 25 29 
Annealed 10 hr 26 31 
Annealed 100 hr 28 33 








Portions of all samples were prepared for metallo- 
graphic examination. These were mounted in bakelite, 
ground on the conventional papers, and polished on 
a silk-covered wheel using alumina for the polishing 
medium. All samples were etched in saturated picral 
and were examined at magnifications of 100X, 500X, 
and 1000X%. The nodular graphite retained its char- 
acteristic appearance in each case. 

Another portion of each sample was prepared for 
graphite recovery. A solution of hydrochloric acid 
(1:1) at 160 F (71 C) was used to dissolve the metal 
from the graphite nodules. After metal solution was 
complete, silica was dissolved by the addition of hy- 
drofluoric acid, and the remaining graphite was 
washed with water followed by alcohol. A sample of 
mineral graphite was crushed and freed of silica in a 
similar manner. 

In the x-ray diffraction study each graphite sample 
was run in duplicate. All exposures were made on a 
North American Philips Co. x-ray diffraction unit 
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us 1g Cu Ka, radiation. The tube was operated at 30 
ki »volts and 20 milliamperes, and exposures were 2 
h: long. Two powder cameras, A and B, were used 
wh 0.030-in. pinholes and nickel filters. Camera 
di meters were 143.2 mm. The graphite specimens 
w.¢e prepared by rolling rods from mixtures of graph- 
ite and Duco cement. The film used was Kodak No- 
Scceen X-ray safety film. All line spacings were meas- 
ured on a Picker film reader, and d values were taken 
from the N.A.C.A. table of interplanar spacings.14 

\ll lines present on the films were checked against 
the A.S.T.M. Hanawalt cards to determine which lines 
were due to graphite and which might be due to im- 
purities in the samples. Nearly complete sets of lines 
for NagSiFg were found in the mineral graphite ex- 
posures, but the nodular graphite was found to be 
free of foreign material. Tabulations of d values ob- 
served, together with an indication of relative line 
intensities are given in Tables 3, 4, 5, 6, and 7. The 
following notation for line intensity was used: S — 
Strong, M — Moderate, F— Faint, VF — Very faint, 
and VVF — Very very faint. 


TABLE 3— TABULATION OF LINE INTENSITIES AND D 
VALUES FOR THE MINERAL GRAPHITE SAMPLE 





Mineral Graphite 











Camera A Camera B 
Intensity d value Intensity d value 
VVF 3.72 VVF 3.71 
S 3.33 S 3.34 
VF 2.124 VVF 2.122 
VVF 2.079 
M 2.022 M 2.021 
VVF:D* 1.940 VVF 1.942 
M 1.786 F:D 1.784 
M 1.667 M 1.666 
VVF 1.617 
VF 1.535 VVF 1.534 
F 1.223 F 1.222 
F 1.149 F 1.149 
F 1.113 VF 1.112 
F 0.988 VF 0.988 


*D indicates Diffuse. 





TABLE 4— TABULATION OF LINE INTENSITIES (I) AND 
p VALUES (D) FOR NODULAR GRAPHITE 





Nodular Graphite, Sample No. 1, Camera A 
As cast 1 hr 10 hr 100 hr 

I d I d I d I d 
F 3.72 

Ss 3.34 S 3.33 S 3.34 S 3.35 

F 2.48 F 2.47 F 2.48 M 2.47 
VF:D 2.12 VF 2.14 VF:D 2.14 M:D_ 2.13 
F:D 2.022 VF 202! VF:D 2.031 M:D_ 2.016 
M 1.667 M 1.666 M 1.668 M 1.667 
VVF 1.535 
VF 1.516 VF 1.514 VF 1.516 F 1.513 
VVF 1292 VVF 1290 VVF 1293 #jVF_ 1.290 
M 1.224 F 1.222 M 1.224 M 1.224 
F 1.150 F 1.148 F 1.148 M 1.149 
VF 1,114 VVF 1112 VVF 1.114 VF 15% 
VVF 1.049 
VVF:D 0.988 VVF 0.982 VVF 0.988 M 0.988 








This set of observations gives a complete set of measurements 
from the specimens secured from Sample No. 1 and exposed 
on Camera A. 
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TABLE 5 — TABULATION OF LINE INTENSITIES AND OF 





Nodular Graphite, Sample No. 1, Camera B 





As cast 1 hr 10 hr 100 hr 
I d I d I d I d 
S 3.34 S 3.33 S 3.34 S 3.34 
VF 2.47 VF 2.48 F:D 2.47 
VF 2.15 F:D 2.14 
VVF:D 2.033 F:D 2.024 
F 1.667 VF 1.668 M 1.667 M 1.670 
VVF_i1.518 VVF_ 1.514 
VVF 1.293 
VF 1.224 VVF 1.225 M 1.225 M 1.225 
VF 1.149 VVF 1.150 F 1.150 M 1.150 


VVF 1.115 VVF 1.116 
VVF 0.987 VF 0.988 





This set of observations gives a complete set of measurements 
from specimens secured from Sample No. 1 and exposed on 
Camera B. 


TABLE 6— TABULATION OF LINE INTENSITIES AND OF 
p VALUES FOR NODULAR GRAPHITE 





Nodular Graphite, Sample No. 2, Camera A 





As cast 1 hr 10 hr 100 hr 
I d I d I d I d 
VVF 3.69 VVF 3.67 VVF 3.70 
S 3.33 S 3.34 S 3.35 S 3.34 
F 2.47 F 2.48 VVF 2.48 M 2.47 
F:D 2.12 VF:D 2.13 F 2.11 M:D_ 2.13 
F:D = 2.026 VF:D 2.022 M 2.021 M:D_ 2.014 
VVF 1.811 
M 1.665 M 1.667 M 1.668 M 1.666 
VVF 1.539 VVF 1.532 
F 1.515 VVF_ 1.518 VVF_ 1.517 VF 1.512 
VVF 1.294 VVF 1.290 
M 1.223 M 1.223 M 1.224 M 1.222 
F 1.148 F 1.149 M 1.150 M 1.149 
VVF 1.113 VVF 1.114 VVF 1.113 VF 1.112 
VVF 1.048 VVF_ 1.046 
VF 0.987 VVF 0.988 F 0.988 F:D 0.988 





This set of observations gives a complete set of measurements 
from specimens secured from Sample No. 2 and exposed on 
Camera A. 


TABLE 7 — TABULATION OF LINE INTENSITIES AND OF 
p VALUES FOR NODULAR GRAPHITE 





Nodular Graphite, Sample No. 2, Camera B 
h 





As cast 1 hr 10 hr 100 hr 
I d I d I d I d 
S 3.34 S 3.34 S 3.34 S 3.34 
VF 2.47 VVF 2.48 VVF 2.47 F 2.47 
VVF:D 2.14 VVF:D 2.13 VF:D 2.11 F:D 2.12 
VVF:D 2.028 VVF:D 2.024 M:D_ 2.017 M D: 2.022 
M 1.666 M 1.666 M 1.668 M 1.667 
VVF 1.533 
VVF_ 1.514 VVF_ 1.514 VVF 1.515 
VVF_ 1.295 


F 1.222 F 1.222 M 1.224 M 1.224 
VVF_ 1.149 F 1.149 M 1.149 M 1.148 
VVF 1.113 VVF_ 1.113 VVF 1.115 VVF_ 1.112 

VVF:D 0.988 F 0.988 VF 0.987 





This set of observations gives a complete set of measurements 
from specimens secured from Sample No. 2 and exposed on 
Camera B. 


Discussion of Data 
The reason for choosing an annealing temperature 
of 2000 F (1093 C) was to allow for the possibility of 
crystallographic changes within the graphite nodule 
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at temperatures close to the minimum temperature of 
undercooling. 

Hardness measurements were made as a matter of 
routine laboratory procedure. Table 2 is indicative of 
an increase in the amount of combined carbon. 

Metallographic examination confirmed the hardness 
observations for it was found that the as-cast specimens 
contained a large percentage of massive ferrite. Sample 
no. 1, as-cast, had a matrix that was almost entirely 
ferritic. Sample no. 2, as-cast, showed large areas of 
ferrite in the immediate vicinity of the nodular graph- 
ite; approximately 80 per cent of the matrix was 
pearlitic. The annealed samples all showed that the 
amount of pearlite increased with annealing time, al- 
though in none of the specimens was the ferrite com- 
pletely displaced. The significant feature of the in- 
crease in pearlite in relation to this problem is that it 
represents an increase in combined carbon. This car- 
bon could come only from the graphite. Therefore 
the graphite obtained for the x-ray diffraction in- 
vestigation consisted entirely of graphite nodules ini- 
tially present in the casting; there was no nodule 
growth during the annealing cycles. 

X-ray diffraction patterns gave consistent evidence 
of changes in crystallinity with increasing annealing 
time. One indication of this was found by counting the 
total number of graphite lines that appeared on each 
x-ray film strip. The four as-cast specimens produced 
a total of 37 observable lines. The 1-hr anneal speci- 
mens produced 35 observable lines. A total of 44 lines 
were observed from the 10-hr anneal specimens, and 51 
lines were observed in the 100-hr anneal specimens. 
The distribution of these lines among the 16 exposures 
is given in Table 8. 


TABLE 8 — NUMBER OF LINES OBSERVED IN EACH OF 
THE X-RAY DIFFRACTION PATTERNS OF 
NopuLaAR GRAPHITE 





Number of Lines 





As Cast lhr 10 hr 100 hr 
nai-A 11 11 TF 14 
No. 1—B 5 { 10 11 
No. 2—A 12 10 14 14 
No. 2—B 9 10 9 12 
Total 37 35 14 51 





Similar evidence was found by noting changes in 
line intensities. For example, a given line from an as- 
cast sample may have had a very faint (VF) intensity. 
If, in the I-hr anneal, the intensity was recorded as 
faint (F) the change was noted as being more. Then, 
if the 10-hr and 100-hr specimens were recorded as 
moderate (M) the former would be noted as more 
and the latter as same. A tabulation of these compari- 
sons is given in Table 9. These comparisons present 
conservative evidence of increasing crystallinity for 
they take into account only the changes in category. 
An examination of the film strips themselves shows 
that the strong (S) and the moderate (M) lines be- 
come progressively stronger with increasing annealing 
time. 

Table 9 shows that there is a definite increase in 
crystallinity after 10 hr of annealing time, and that the 
increase is even greater after 100 hr. The significant 
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TABLE 9— TABULATION OF CHANGES IN X-RAy 
DIFFRACTION PATTERN LINE INTENSITIES AFTER 
COMPLETION OF EACH ANNEALING CYCLE 





Changes in line intensity 





After 1 hr After 10 hr After 100 hi 

Less Same More Less Same More Less Same Mc 

No. 1-A 3 6 2 l 9 l 0 $ ll 
No. 1-B t l 0 0 l 9 0 5 6 
No. 2-A 6 6 0 l 6 8 ] 9 5 
No. 2-B ] 7 2 1 4 5 l 4 7 
Total 14 20 4 ’; 2. BB : 2 = 





decrease in crystallinity after 1 hr of annealing time 
appears to indicate a departure from, rather than an 
approach toward, equilibrium. This was unexpected, 
and it is not thoroughly understood. Two possible ex 
planations may be presented. The first is that foreign 
elements in the nodules are diffusing out of the graph- 
ite and thereby are accentuating the defects in the 
graphite crystal. The second possibility is that the 
graphite platelets, discussed in the hypothesis, ar¢ 
losing carbon atoms to the matrix at a rate that doe: 
not allow for av improvement in the consolidation of! 
the graphite crystals. The subsequent increases in 
crystallinity after prolonged annealing show a great 
improvement in crystal perfection over that present 
in the as-cast state. 
Summary 

On the basis of evidence presented it seems reason- 
able that the nodular graphite forms in the under 
cooled melt as a result of precipitation of a cloud of 
minute carbon platelets, or molecules—C,,, which sub- 
sequently coalesce as an intermediate phase. It has 
been shown, from the literature, that interfacial energy 
differences are responsible for the shape of the nodule 
and for the orientation of the graphite crystals in the 
nodule. 

Crystallization of the intermediate phase permits 
crystal growth to occur from the graphite-metal inter- 
face toward the center of the nodule in the same 
manner that a metal solidifies in the vicinity of the 
mold wall. This mode of crystallization is in keeping 
with the observed radial structure of nodular graphite, 
and it provides an explanation for the difference in 
crystallinity between nodular graphite and mineral 
graphite. The experimental evidence presented herein 
shows that imperfections do exist in the as-cast form 
of the nodular graphite and that these imperfections 
become smaller if appropriate conditions of time and 
temperature allow for adjustments in the crystal. 
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DISCUSSION 


Chairman: ALFrep Boy es, U.S. Pipe & Foundry Co., Burling- 
ton, N. J. 

Co-Chairman: C. R. McGrait, Alamo Iron Works, San An- 
tonio, Texas. 

Secretary: H. W. Lownie, Jr., Battelle Memorial Institute. 
Columbus, Ohio. 

J. Kevertan1 and H. F. Taytor2 (Written Discussion): The 
author is to be commended on the considerable amount of 
careful thought that he has obviously done on this subject. It is 
gratifying to find that he concurs with these discussors and 
their interpretation of the role of the nodulizing elements. 
These nodulizing elements act to remove surface active elements 
from solution thereby causing a high graphite-melt interfacial 
energy. 

These high graphite-melt interfacial energies lead to under- 
cooling and, according to the author’s proposed mechanism, to 
a snowstorm precipitation of a large number of minute 
amorphous particles. Reference is made that these particles 
cannot grow at the expense of carbon still in solution since 
the melt does not wet these particles. 

The term “wetting” is usually reserved for three phase sys- 
tems in order to describe the extent to which one phase will 
spread over another. For example, if a liquid is placed on a 
solid in a gas phase, the liquid is said to completely wet the 
solid if the contact angle is zero and is said to be completely 
non-wetting if the contact angle is 180 degrees. The degree of 
wetting is a function of all three interfacial energies, i.e., liquid- 
gas, liquid-solid, and gas-solid interfacial energies. 

For the case of a graphite particle already nucleated and 
growing in an iron-carbon melt there is but one interfacial 
energy to consider, i.e., the graphite-melt interfacial energy. 
In this situation the term “wetting” or “non-wetting” has no 


l. i. Engineer, General Electric Co., Foundry Dept., Schenectady, 
N.Y. 


2. Professor, Department of Metallurgy, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 
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significance. The author is undoubtedly referring to a high 
graphite-melt interfacial energy when he speaks of “non- 
wetting” in this sense. It is pertinent to note, however, that a 
growing graphite*crystal in a melt is at all times completely and 
intimately in contact with the surrounding liquid regardless of 
the value of the graphite-melt interfacial energy. 

The next step in the proposed hypothesis is the formation of 
a spherulite by agglomeration of the minute platelets of graphite 
into a spherical carbon mass. The carbon mass is subsequently 
recrystallized into a graphite spherulite. This graphitization 
process is quite similar to that involved in the commercial pro- 
duction of artificial graphite by graphitization of amorphous 
graphite. However, in commercial practice it is necessary to 
reach temperatures in the vicinity of 2500 C (4532 F) in order 
to promote sufficient activity of carbon atoms to make the 
reaction proceed at an appreciable rate. Since the times and 
temperatures involved in the formation of graphite spherulites 
are much lower than those involved in the commercial graphiti- 
zation of amorphous graphite, it would seem that this mechan- 
ism of graphite crystal formation is unlikely, even allowing for 
possible catalytic effect of the iron matrix. 

The proposed theory would also have to account for the 
escape of the iron that will have been entrapped in the central 
portions of the spherulite as crystallization proceeds from the 
outer surface inward. 

Mr. ANDERSON (Author’s Closure): The author expresses his 
appreciation to Drs. J. Keverian and H. F. Taylor for their 
comments on the foregoing paper. The work of Keverian and 
Taylor has contributed to the understanding of the mechanism 
responsible for the development of graphite nodules in ductile 
cast iron, and it is unfortunate that the use of the term wetting 
has caused confusion. I am in agreement with their definition of 
wetting as it relates to the measurement of interfacial energies 
when three phases are present. 

In a practical sense, however, if a liquid does not wet a solid 
when the two phases are in the presence of a gas it will not wet 
the solid after it has been submerged in the liquid. The dis- 
appearance of the contact angle results from a change in ex- 
perimental conditions, not from a change in the solid-liquid 
interfacial energy. 

In regard to the proposed crystallization of the graphite nodule 
from the intermediate, or liquid crystal, state it seems that 
Keverian and Taylor have ignored the favorable orientation of 
the graphite platelets rejected from the melt. Completion of 
crystallization in the direction of the c-axis will take place more 
readily than will the subsequent growth of the nodule due to 
carbon diffusion in the solid state at yet lower temperatures. 
The crystallization of either nodular or flake graphite in cast 
iron is not analogous to the synthetic production of graphite in 
electric furnaces. 

As to the escape of iron that may be entrapped within the 
nodule I wish to quote a paragraph directly from my paper: 

“Neither the presence nor the absence of extraneous nuclei 
has been discussed, for their presence, or absence, is incidental 
to the formation of graphite nodules. The various non-graphitic 
particles that have been reported as nuclei of nodular graphite 
have indeed been present in the samples observed. That they 
should become associated with the graphite phase poses no 
special problem, and their location at the centers of the nodules 
is here considered to be the result of normal segregation during 
the orientation and crystallization of the nodule.” 

The same can be said for any minute amounts of iron that 
may be retained within the nodule. Magnetic tests have in- 
dicated that limited amounts of magnetic materials, presumably 
iron, can be present in the graphite nodules. 











FOREHEARTH REFRACTORIES FOR 


SODA ASH DESULPHURIZING 


@ A seven-year search for the most 
suitable refractory for forehearth 
soda ash desulphurizing of gray 
iron indicates that clay plastic con- 
taining graphite lasts nearly twice 
as long as straight clay plastic, 
against heavy soda ash slag in one 
of our forehearths. And it is cheap- 
er, over-all, than a brick lining. On 
the other hand, dense clay brick in 
another forehearth, with certain 
process variations, excel monolith- 
ic linings. 

The search did not reveal any 
material completely resistant to so- 
da or any best material for all con- 
ditions. However, our experiences 
will help some operators faced with 
this problem and may also help re- 
fractory producers in the search for 
better materials for soda ash 
service. 

Obviously, size and shape of the 
vessel, length and continuity of 
heats, ease of changing, opportu- 
nity to patch, type of labor avail- 
able, and many other factors vary 
in different plants and make one 
material fit one operation and not 
another. 

Desulphurizing gray iron with 
salts of sodium in forehearth or re- 


ceiving ladles has been one of the: 


most popular means of reducing 
excessive sulphur contents. Al- 
though, in recent years other meth- 
ods have been developed and the 
basic cupola permits sulphur con- 
trol in melting, there are a num- 
ber of circumstances where acid 
cupola melting and slight reduc- 


*Melting Supt. and Asst. Melting Supt., 
American Cast Iron Pipe Co., Birming- 
ham, Ala. 


By 


Sam F. Carter and Ralph Carlson* 


tion of sulphur with sodium car- 
bonate is still considered the 
most practical method of sulphur 
control. 


Large and Small Forehearths 


The principal problem of soda 
ash treatment has always been the 
maintenance of refractory lining 
against basic slag attack. Refractory 
linings that normally last indefi- 
nitely in cast iron service are con- 
sumed rapidly when exposed to this 
treatment. 

In the authors’ plant, soda ash 
desulphurization is employed on 
two of five cupolas—regularly on a 
small cupola melting 114 tons per 
hour and most of the time on a 
40-ton/hr furnace (when scrap 
price and availability make it 
practical). Forehearth details are 
shown in Table 1. 

Most refractory tests were made 
on the small forehearth ladle where 
two ladles were alternated each 
day, making it easier to study the 
progress of attack. And because the 
small ladle presents a greater area 
of contact relative to volume and 


TABLE 1..FOREHEARTH DETAILS 











Forehearth Small Large 
holding capacity 500 Ib 12,000 Ib 
melting rate 1% T/hr 32-40 T/hr 
length of day 8-12 hr 16-20 hr 
lining thickness 5 in. 10 in. 
inside dimen. 15 in. diam. 28 X 52 in. 
height 21 in. 47 in. 
soda ash addition 12 Ib/T 2-5 Ib/T 
iron temperature 2750-2800F 2600-2650F 
(cupola stream) 

Avg % Avg % 
initial sulphur 0.14-0.18 0.11-0.14 
final sulphur 0.07-0.09  0.08-0.11 
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the large amount of soda ash (12 
Ib/ton) makes refractory attack 
unusually severe, we considered 
this a good place to test refractories. 

Tests on the large forehearth 
where the soda ash addition is 
much less (2-5 lb/ton), iron tem- 
perature is lower, and chemical at- 
tack is not so severe, revealed other 
factors to be more important. 

It was our purpose to test types 
of materials and properties that 
affect soda resistance rather than 
compare competitive materials. 
Materials are identified by code 
rather than trade names. Many of 
the trials were made between 1947 
and 1950, and improvements in 
some of the materials may have 
been made. Prices are not claimed 
to be perfectly correct or current, 
but give a rough idea of service life 
in relation to cost. Some minor var- 
ations in service life may have been 
caused by inevitable variations in 
technique and operating practice, 
but we believe the major differenc- 
es are significant. 


Rammed Linings. Service data 
for monolithic linings rammed 
densely around a form with a pneu- 
matic rammer are shown in Table 
2. Five basic ramming mixtures in- 
cluded a dolomite-magnesite mate- 
rial R, magnesite B and M, a Brit- 
ish dolomite D, and an American 
dolomite preparation G currently 
used successfully in basic cupolas. 
None of these materials lasted more 
than one day in which time attack 
at the slag line was 214 to 4 in. 

With basic linings desulphuriza- 


tion was much more effective be- 
55-157 
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TABLE 2.. PERFORMANCE OF RAMMED LININGS IN SMALL FOREHEARTH 
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tack seemed to warrant patching. 





It was immediately apparent that 
















Depth of Attack Patching ; 
Cost Istday 3rd day days depth amt. lasted service of this material did not jus- 
M. terial $/ton* in. in. till in. Ib. days tify the cost. 
Bo-ic Plastics NJ is the clay plastic with which 
D. nomite-Magnesite -R- 90 3 — 1 3 ee —_ ~2—a’w av , . : 
Me 0 ; , -— : we ha e had the most experience. 
4 Pa 1 4 rhis material had a fair reputation 
- n 2 : ome : — : : — — for soda resistance. On the first test 
Britis olomite -D- _—_—- — . 2% ——* = — : 
coat tii: 2. 4% 1 2% ——__ the lining was eaten back Y,-in. the 
1 ee oe . . first day, and 2 in. after the third 
at oacaal day. It was then patched with 50 
Clay — om 4 a Ib of material which lasted two 
KC (120) % 2 3 a days. A second test was run five 
5 3 60 3 days, before the 3-in. attack was 
NJ 54 VY 2 3 2 50 2 el - 7 ‘ x 
SP 72 1% 4 2 70 5 _ Pate hed with 60 lb of material. 
HB 7% = % 5 3 75 4 This patch lasted 3 days. 
Graphite-Clay Plastics Plastics SP and HB turned out to 
NC (85) cracks — 7 3 — —- be essentially competitive materials 
Gx 82 flaked off — 1 -— —_— — < ' cies . oo 
iT 3 tuple 3 — with composition and cost similat 
% to NJ. SP lasted 4 days before a 
SG 82 % 2% 4 3% 65 3 -2-in. attack was patched. HB lasted 
HS e- 1 8 3 90 er ~ 
5 days before a 3-in. corrosion was 
Silicon Carbide -E- (150) ! 8 2 75 4 patched. Within the accuracy of 


















*Costs are not perfectly accurate and are based on carload quantities without freight. Freight 
usually is about $10/ton to our plant and warehouse prices are usually at least 30% higher than 
indicated. Costs in parenthesis are very roughly estimated. 


cause the lining consumed did not 
neutralize the sodium oxide like si- 
liceous materials. From all indica- 
tions, the soda ash addition could 
have been cut in half for equiva- 
lent sulphur removal with improv- 
ed lining life. No doubt silicate 
binders in some of these materials 
decreased resistance. However, as 
received, basic materials appear to 
have no particular soda resistance, 
especially in view of their high 
cost. 

Basic brick (dead burned mag- 
nesite) laid with magnesite mortar, 
likewise lasted only one day with 
3-in. attack (Table 3). 

A very high cost chrome plastic 
lasted only two days with 1-in. at- 
tack the first day and 2-in. after 
two days. 

Several siliceous and clay plastics 
used in our plant for ladle lining, 
electric furnace hearths, etc. proved 
to have essentially no resistance to 
soda slags. Litthe was known about 
the soda resistance of many plastic 
refractories which were highly rec- 
ommended for many applications. 
LO rammed nicely but was almost 
completely dissolved at the slag 
line the first day. High-quality plas- 
tic KC lasted 3 days before 2-in. at- 


Monolithic lining for a desulphurizing 
forehearth is being rammed-up of a 
clay-graphite plastic between a pattern 
and the ladle refractory shell. 








our test procedure, these three ma- 
terials were comparable in _per- 
formance. 
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TABLE 3.. PERFORMANCE OF BRICK LININGS IN SMALL FOREHEARTHS 




















Brick Mortar Ist Day Attack No. of 
Cost Cost Depth in in. Days 
Type ¢/brick* Type $/ton Brick Joints Life 
Magnesite 36 Magnesite 80 3 1 
High-Al -A- 26 High-Al 100 Me Y-% 4 
Clay Brick 
HB 11% MT 100 7) “4 6 
AO 14 SD 60 Me %-1 3 
VN 18% MM 50 % Y-% 5 
KK 21% DJ 105 % Yo-Yo 8 
KK 21% ST 105 Ye “% 12 
6-day Attack 16-day Attack 
Comparison Segments Brick Joints Brick Joints 
KK 21% “% 1-1% “% 
VN 18 ST 105 ”% Y-Va 1%-2 Va-Va 
HB 11% Va “-% 1%-2% Ya-2 
CN in % Ya-Y 1%-2'2 “-% 
8-Day Attack 
Brick Joints 
ST 105 1-1% Vo 1¥2 
HB 1% MT 100 1-2 Ye-2 
ML 99 1%-2 1-2 





*Costs are not perfectly accurate and are based on carload quantities without freight. Freight 
to our plant is usually $10/ton and warehouse prices are usually 30% higher than indicated. 


Ease of patching is one of the 
advantages of monolithic materi- 
als; however, shrinkage cracks cre- 
ate openings for slag attack and 
constitute the weakest spots of mon- 
olithic linings. 

Clay-Graphite Plastics. The next 
class of materials tested was clay 
plastics containing finely dispersed 
graphite. Since graphite is com- 
pletely resistant to slag attack and 
adherence (it is not wet by slags), 
its inclusion should logically im- 
prove slag resistance. The cost of 
these materials at nearly $80/ton 
is higher than the clay plastics dis- 
cussed in the previous paragraph. 
A lining of NC ran 7 days although 
fine cracks developed very early. 
These cracks might be a more se- 
rious weakness in the “flats” of our 
large forehearth. 

GX was in its development stage 
at the time of our test. A lining of 
this material sealed its surface too 
tightly. When heated at the usual 
rate, a 14-in. depth of refractory 
exploded or flaked from the sur- 
face. The lining was replaced aft- 
er the first day. The material was 
corrected later, but this experience 
indicates the need for permeabili- 
ty and slow preheat when using 
rammed linings. LT lasted only 3 
days, apparently because of deep 
cracks. SG lasted 4 days; although 
fairly solid, the graphite seemed to 
be burned away from the face of 
the refractory. Since this test, we 





understand this material has been 
greatly improved by more effective- 
ly stabilizing the graphite. 

Plastic HS gave a life of 8 days— 
one of the longest lives obtained 
from rammed materials. The clay- 
graphite material rammed densely, 
shrinkage was only nominal, and 
graphite appeared reasonably well 
stabilized. The doubled life should 
justify cost where long continuous 
runs are necessary. 

Silicon carbide brick has a repu- 
tation for resistance to chemical 
attack; but, as far as we know, 
material of this sort had never 
been tried in desulphurizing fore- 
hearths. A silicon carbide ramming 
mixture in the top half of the fore- 
hearth was consumed 1,-in. the first 
day, 1 in. after 3 days, and ran 8 
days before a 2-in. consumption re- 
quired patching. Adherence of 
patches to the fired lining did not 
appear as good as for clay mate- 
rials—a 75-lb patch lasted only 4 
days. The life of the first lining was 
the best of any rammed material, 
but patching was not as successful. 
If this material could be confined 
to a small area subjected to con- 
centrated attack its cost might easi- 
ly be justified. 





Drying and Preheating 





Drying and preheating of all 
plastic linings influences the per- 
formance of the material. Our pre- 
ferred practice includes two or 
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more days air drying, one day wit 
a low gas torch gradually increase< 
and one day at red heat fro: 
air-gas torches. Preheating sever: 
hours above a red heat is necessar 
to drive off the combined water i 
the clay. Many circumstances mak 
it necessary to shorten this dryin 
and preheating schedule. 
Moisture content is very impo: 
tant in plastic materials and ha 
considerable effect on service life 
High moisture materials appear t: 
work well, but have higher shrink 
age and greater tendency to crack 


Brick Linings. Table 3 gives per 
formance data for a number 
brick linings. The early failure o! 
basic magnesite brick has already 
been described. A_ high-alumina 
brick (70% Als 0s) lining was put 
up with a high-alumina mortar. 
The high fusion properties of these 
materials were not needed in the 
forehearth, but this was considered 
a good material to test the soda re 
sistance of higher alumina materi 
als. The first day 4-in. of the brick 
face was consumed, the joints had 
been eaten back 14 to 3% in. deep- 
er. Typical of brick linings, the cor- 
ners of the brick were eaten away 
as the attack penetrated the open 
ing joints. After four days the lin- 
ing was like a saw tooth at the slag 
line with the points of the brick 
offset about 114 in. and the valleys 
penetrating another 114 in. The 
lining was renewed (replaced ex- 


Ol 


Thorough drying of lined spout is 
accomplished with gas_ torch. 
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ce 4l4-in. section against the 
shcil) after 4 days. Performance 
wes not as good as some lower alu- 
mina, denser brick. 

ive different clay brick with sig- 
niicant differences in properties 
were used in complete linings and 
laid with five different mortars. 
Very resistant brick will protect the 
mortar to some extent. On the oth- 
er hand the resistance of the mortar 
and the fit of the brick hasten brick 
attack when joints become open. 
HB, a 11Y%¢ brick, was laid with 
MT mortar ($100 ton). Brick con- 
sumption the first day was 4 in.; 
joints were another 4 in. deeper. 
he lining lasted 6 days. 


Brick Laying Practice 

[he next combination was a su- 
per-duty brick AO laid with super- 
duty clay as mortar. As a result of 
the ineffective mortar the combina- 
tion lasted only 3 days. Some rather 
thick joints on this lining indicat- 
ed the brick were not as efficiently 
laid as usual. In later tests this brick 
lasted much longer with a better 
mortar and tighter fit. 

VN was laid with an ordinary $50 
mortar that proved to have poor 
slag resistance. The brick face was 
consumed only 14 in. the first day 
(less than HB and AO brick) but 
the joints were eaten to 4 to % 











Experisenta!l Brick 
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Low porosity brick showed the least attack in the 500-lb desulphurizing 


forehearth 


in. depth. Lining life was five days, 
cut short by weak mortar. 

The next lining was of KK brick, 
a high-fired, very dense brick cost- 
ing 2114¢ each. The mortar was 
a $105/ton product with reported- 
ly good resistance to soda slags. 
Both the brick and the mortar ap- 
peared superior to any tried. The 
life of the combination was 8 days. 
Another lining of the same brick 
was laid with mortar ST. This mor- 
tar appeared still better and the 
lining lasted 12 days—one of the 
longest runs. 


Six-ton desulphurizing forehearth handling 40 tons iron per hour was 


found to give most 


* 





7 the, 


economical service when lined with dense clay brick. 

































lined alike in quarter sections with four different brick. 


Composite Brick Linings. Be- 
cause brick performance differs due 
to variations in mortars and desul- 
phurizing procedures one quarter 
sections of a lining were made up 
with four different brick using the 
same good mortar and same tech- 
nique on all. This lining ran 6 days 
before attacked enough for compar- 
ative measurements. KK brick 
showed the least attack of \%4 in. 
with no penetration of joints. VN 
and HB brick were apparently 
equal with brick faces offset 1% in. 
Joint penetration on VN _ brick 
ranged from l4 to 4 in. and on HB 
brick 4 to 34 in. CN brick was at- 
tacked slightly more than the oth- 
ers, but its cost was lowest. 

This lining ran 16 days before it 
was declared unsafe for further use. 
KK retained its superiority espe- 
cially in protection of the joints. 
VN seemed to establish itself in sec- 
ond place with some superiority 
over HB. Some of the joints of HB 
opened up fast the last few days 
causing the lining to be con- 
demned. With the exception of a 
couple of deep joints, CN appeared 
equally or slightly more consumed 
than HB. The accompanying sketch 
shows this lining at the end of its 
service life. 


Soda Resistant Mortars 


A similar comparison was made 
of three mortars that appeared to 
be among the best for soda resist- 
ance. HB brick with only moderate 
resistance was used and joints were 
purposely made thicker than usual 
to place more than the usual de- 
















pendence on the mortar. Mortars 
ST, MT, and ML were used in 
one-third sections around the cir- 
cumference. This lining lasted only 
8 days compared to 16 days for the 
brick test, showing the importance 
of joint thickness and brick laying 
technique. The lining with thin 
tight joints lasted twice as long as 
the lining of which joints were in- 
tentionally made thicker. 


Porosity-Life Correlation 
All three mortars showed good 
resistance to soda with no signifi- 
cant difference among them. Lay- 
ing technique appears more impor- 


TABLE 4.. PROPERTIES OF BRICK 
(in order of decreasing performance) 








9-in. ST 

Al2Os Porosity Weight Cost 
Brick % % Ib. ¢ 
KK 44 9-12 8.1 21% 
VN 42 12-15 8.2 18% 
HB 38 14-17 7.8 11% 
High-Al 70 24-28 8.6 26 
CN 39 21-25 7.2 WW 





tant than any difference between 
the three, which turned out to be 
competitive materials of similar 
composition and price, produced 
by three different manufacturers. 

The six clay brick and proper- 
ties were arranged in Table 4 in 
the apparent order of service life 
to determine which properties con- 
tribute most to soda resistance. 
Service life is not improved by 
higher alumina content per se. 
Weight is not a true indication of 
porosity since the higher aluminum 
compositions can weigh more, even 
with higher porosity. The proper- 
ty that showed the best correlation 
was porosity. 

The best resistance to soda was 
experienced on a brick with 9-12 
per cent porosity and the poorest 
records were obtained on bricks 
with porosity values over 20 per 
cent. This checks general experi- 
ences. The best resistor of soda 
seems to be a dense refractory face. 
In plastic linings, soda attack pro- 
ceeds rapidly in shrinkage cracks 
and soft, porous spots. In brick lin- 
ings, attack proceeds readily in 
joints and in brick pores. 

Many of the higher cost, high- 
quality brick have properties im- 
proved for thermal shock or higher 
temperature resistance and are not 
necessarily more resistant to soda 
slags. Some of the lower cost clay 
brick (not tested) with inferior re- 
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A clay plastic monolithic lining in the 6-ton forehearth lasted 12 nine hour 
shifts for 3720 tons. Sketch shows the end of a typical campaign. 


fractoriness but lower porosity 
might show equal or better resist- 
ance at lower overall cost than 
some of the medium priced brick 
tested. 


Large Forehearth. Table 5 shows 
the performance of five materials 
used in the large forehearth ladle. 
This ladle is link shaped with a to- 
tal lining of 10 in., holds about 6 


TABLE 5..DATA FOR LARGE FOREHEARTH 











Soda Ash Lining Life* 
Lining Material [b/ton shift hr ton 
1948 
Clay plastic NJ 5 6+ 54 (1650) 
si oa 5 6— 54 (1650) 
Clay-graphite HS 5 8 80 2700 
1954 
Clay plastic NJ 3 8 80 2840 
3 «10 90 3060 
3. 12— 108 3720 
3 6 54 1800* 
3 10— 90 2918 
Clay-graphite GX 3 6 54 1800” 
10+ 90 3000 
Clay brick KK 2% 14 126 4266 





* (+) Means better than average condition, 
(—) means worse than average when re- 
moved. Values in parentheses are estimated 
“Rammed too long. 

>Too wet as received. 

tons of metal, and receives around 
35-40 tons/hr for two shifts or a to- 
tal of 550-700 tons per 16-20-hr day. 

In 1948 clay plastics NJ and SP 
lasted 3 days or 6 shifts, 54 total 
hours, and about 1650 tons of metal 
treated. The points of greatest at- 
tack were shrinkage cracks that de- 
veloped, especially in the flat areas 
of the link shape. 

Clay-graphite plastic HS tried at 
the same time had a life of 4 days. 
This was 30 per cent better than 
the clay plastic, but material cost 
was higher than this difference. 
Shrinkage cracks likewise contrib- 


uted to the failure of this materia! 

Moisture in all plastics, as re- 
ceived, was considered higher than 
necessary. Remixing the clay plas- 
tic with an addition of 10 per cent 
ganister reduced the cracking ten- 
dency considerably and improved 
the life. 

Optimum Moisture 

By 1954 this improvement plus 
some reduction in soda ash addi- 
tions enabled the same clay plastic 
NJ to last an average of 4 to 5 dou- 
ble-shift days. One lining lasted 
only 3 days or 6 nine-hour shifts 
for 1800 tons of metal. However, 
this lining had been rammed sev- 
eral months previously and might 
have reabsorbed moisture, contrib- 
uting to its premature failure. One 
lining lasted 12 nine-hour shifts for 
3720 tons. The above sketch shows 
condition of this large ladle at the 
end of a typical campaign. 

Clay-Graphite Plastic GX was 
tried for two linings. The first 
time the material was rammed as 
received and moisture was obvious- 
ly higher than necessary and ad- 
visable. It cracked excessively while 
preheating. Life was only 6 nine- 
hour shifts for 1800 tons. Failure 
was due to attack in the shrinkage 
cracks. 

For the next lining, blocks of ma- 
terial were shredded, allowed to 
lose some moisture, and then 
mulled before use. Cracking ten- 
dency was greatly reduced. The lin- 
ing lasted 10 nine-hour shifts for 
3000 tons of metal. It was in better 
than average condition but was re- 
moved on the week end. Failure 
was still in the cracks that devel- 
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Advice on Desulphurizing Ladle Linings 


1. Regardless of form or composition, no material was found to 
completely resist soda slags. Longest single runs of 8 to 16 days 
on the small forehearth were obtained with low-porosity clay 
brick, one of three special mortars, and put up with tight joints. 

2. Brick linings loosely put up with ordinary mortar or mud, 
with poorly fitting shapes, give very short life because of cor- 
rosion in large joints dislodging whole brick. On the other hand, 
carefully fitted brick linings with minimum joint space have good 
life. Mortar and fitting technique can over-shadow material vari- 
ables. 

3. Brick forehearths cannot be patched satisfactorily without 
removal of a complete layer of brick and rebuilding at the slag 
line. Brick linings tend to fail more abruptly than rammed lin- 
ings if allowed to run till near failure. 

4. Whereas some clay plastics hardly last one day, three clay 
plastics lasted 4 and 5 days before patching was required. Prin- 
cipal advantage of rammed materials is the low cost of their less 
skilled application and the ease with which they can be patched. 
On the small forehearth where it is easy to patch, overall costs 
are the best with monolithic linings. Plastics should be used with 
minimum moisture, and rammed densely and carefully. High den- 
sity and freedom from cracks are necessary for soda resistance. 
Slow drying and high preheating of rammed linings are best. 

5. Special clay plastics containing graphite last nearly twice as 
long as straight clay plastics against heavy soda slag in the small 
forehearth. One material lasted 8 days; another—7 days. The 
higher cost of these materials is justified by longer service life. 
On the large forehearth, shrinkage cracks are the principal weak- 
ness of plastics, and reduce the advantage of the graphite. 

6. A monolithic, silicon carbide lining gives the best life of any 
rammed material, but the cost is one of the highest for monolithic 
materials and patching is difficult. However, this material could 
be used profitably in a limited area where attack is concentrated. 

7. Contrary to general belief that basic materials resist basic 
soda slag, we find both basic brick and five basic ramming mix- 
tures inferior to the better clay plastics. Although consumed bas- 
ic refractory does not reduce desulphurizing efficiency like the 
acid refractories, none of the basic materials lasts any longer. 

8. A chrome plastic of high cost failed to show superiority. 

9. Comparison of the performance of clay brick types with 
their properties indicates that many high-alumina, or super-duty 
refractories, from the standpoint of high refractoriness, do not 
show improved soda resistance proportional to cost. High den- 
sity or low porosity seems to be the most valuable property and 
more important than chemical composition. 

10. There appears to be no one best material for lining desul- 
phurizing ladles. Choice depends on operating factors. 

Clay plastics of high density and moderately low cost are the 
easiest to apply and patch with unskilled labor and little super- 
vision. They give only moderate life but low over-all cost where 
forehearths may be changed or alternated with no difficulty. 

Clay-graphite and silicon carbide plastic give a longer life but 
at a much higher material cost which may be justified where free- 
dom from interruption is very important. 

The longest life without interruption was obtained with clay 
brick of low porosity, closely fitted, and layed with special mor- 
tars. Skilled labor and closer supervision are required, but over- 
all costs appear good. 
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oped in the flat sections of the link 
shape. 

In this forehearth, the clay- 
graphite material appears to give 
possibly 10 to 20 per cent better 
life. This is not as much superior. 
ity as shown on the small fore- 
hearth. In the large forehearth 
cracking tendency is more serious, 
while on the small forehearth 
chemical attack is more severe. 
Since clay-graphite plastics seem to 
have better chemical resistance 
than crack resistance this seems to 
explain the difference in relative 
performance. 


Complete data are available on 
only one brick lining in the large 
forehearth, other tests are in proc- 
ess. 

The replaceable section of the 
lining was made up with arches of 
high-density brick KK spaced very 
closely and very carefully with ST 
mortar. With some repair to the 
tunnel of the spout, this lining last- 
ed 14 shifts, 126 hr, and 4266 tons 
of metal. When removed most of 
the lining was still in good condi- 
tion, but in several joints the saw 
tooth attack reached 2 to 3 in. Our 
brick layings seem more inclined to 
fail in such weak spots. This is the 
longest life and highest tonnage of 
any lining, but records indicate 
slightly lower soda ash consump- 
tion during this period. 

Comparative Costs of four typi- 
cal small forehearth refractory ma- 
terials are shown in Table 6. The 
least expensive original lining was 
rammed clay plastic for $28.50. A 
lining of clay-graphite plastic cost 
$37. On a brick lining, using 9¢ 
brick, material cost was lower, but 
labor costs were much higher than 
for plastic; total cost was $34.50. 
Higher cost, denser brick raised the 
lining cost to $43.50. Operating 
cost depends upon service life, how- 
ever, and a period of 32 days was 
selected for cost comparison. 

With a plastic lining, the small 
forehearth can be patched easily on 
alternate days with about 60 Ib of 
material and 2 hr of unskilled la- 
bor. A rammed clay plastic lining 
with 10 patches will serve for 32 
days at a total cost of $78.50. 

Longer life of clay-graphite plas- 
tic in this forehearth appears to 
justify its higher cost. One lining 
plus 5 patches could be expected to 








TABLE 6 ..SMALL FOREHEARTH - COMPARATIVE LINING COSTS* 


FOREHEARTH REFRACTORIES FOR SODA ASH DESULPHURIZI 














Cost of Lining in $ Patch 32-Day Period 
Material Unit Cost Material Labor Total Cost Linings Cost 
Clay plastic-NJ- $63/ton* 18.90 9.60 28.50 5.00 one+10patches $78.50 
Clay graphite-HS- $92/ton” 27.40 9.60 37.00 7.50 one+ S5patches $74.50 
Reg. clay brick-HB- 9¢ ea. 12.00 22.50 34.50 Reline 4 linings $138.00 


Dense brick-KK- 21%4¢ ea. 21.00 


22.50 43.50 Reline 4 linings $87.00 





*Ram labor: 6 hr medium labor, approximately 600 lb material. Brick labor: 6 hr skilled + 


6 hr helper, 75 brick + mortar + spout. 
9$54 base + $9/ton freight. 
$82 base + $10/ton freight. 


TABLE 7 .. LARGE FOREHEARTH - COMPARATIVE LINING COSTS 





$ Cost of Lining* Life Cost° 





Material Unit Cost 


Material Labor Total Expected Per Day 





Clay plastic-NJ- $54 + $9/ton 
Clay-Graphite plastic-GX- $83 + $9/ton 
Reg. Clay brick-S- 9¢ ea. 
Dense clay brick-KK- 21'4¢ ea. 


189.00 38.40 227.40 4 days $63.35 
276.00 38.40 314.40 5 days $69.38 

61.50 104.00 165.50 
128.50 124.00 252.50° 7 days $36.00 








*Plastic 24 hr medium labor, 6000 Ib material. Brick 24 hr skilled labor + 32 hr medium labor, 


400 brick, 200 lb mortar + spout. 


>’Cost includes $6.50 per day for $195, 4%-in. brick back-up section estimated to last 30 days. 


*Includes cost of one repair to tunnel. 


give 32 days service ior a cost of 
$74.50, which is 5 per cent cheaper 
than the clay plastic. 


Brick linings could not be 
patched and had to be renewed 
completely. Regular clay brick was 
estimated to require 4 linings with 
an average life of 8 days, making 
the 32-day cost $138. Higher cost, 
dense brick, lasting 16 days, re- 
duced the over-all cost to $87 for 
32 days. If it were not easy to al- 
ternate ladles and patch at any 
time, longer life would be more of 
an economic advantage, and the 


Chairman: W. R. JAESCHKE, Whiting Corp., Harvey, II. 


Co-Chairman: F. W. Jacoss, Texas Foundries, Inc., Lufkin, 


Texas. 


E. A. SweENSON1: Were the clay brick referred to regular high 
duty, intermediate duty quality, or the expanding type “ladle” 
brick such as used for lining steel mill ladles? 

Mr. Carter: They were regular brick with the properties de- 
scribed. Some of the special brick were imported, but the least 


cost picture might be considerably 
different. A little lost production 
or week-end work will buy a lot of 
refractory. 


Cost Picture Reversed. Relative 
costs for the large forehearth (Ta- 
ble 7) are reversed and some brick 
linings are cheaper. Brick require 
over twice the labor, more highly 
skilled labor, and more careful su- 
pervision; however, lower material 
costs overcome the labor difference. 

The back 414 in. of lining is a 
brick back-up lining that does not 
have to be replaced as it out lasts 


DISCUSSION 


turers. 





lining costs $195 or $6.50 per d» 
for a 30 day life. 

Regular low-porosity clay bri. k 
give the cheapest original lining 
$165.50. Extra dense brick « 
$252.50, clay plastic $227.40, a: 
clay-graphite plastic $314.40. 

When performance is considere 
some of the more expensive linin 
show a lower cost per day or pe 
ton. 


< 


ae ee 
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A lining of clay plastic with 
life of 4 days costs $63.35 per day. 
Clay graphite with a life of 5 days 
costs $69.38 per day. On this parti: 
ular large ladle, the higher cost of 
clay graphite was not justified as it 
was on the small forehearth. 


Due to its long life of 7 days. 
dense brick lining proved cheape1 
with a daily cost of $36. However, 
soda ash addition was not quite as 
heavy during this test. More soda 
ash might have reduced the life one 
day and reduced the cost difference. 

Actually, in our plant, the large 
forehearth can be changed much 
more easily on week ends. For that 
reason one additional day to fall 
on a week end is worth much more 
than an additional day or two be- 
yond a week end. This was not con- 
sidered in the cost since it is pecul- 
iar to conditions on this cupola. 


expensive ordinary brick were principally from local manufac 


Mr. SWENSON: Were any wash coatings used on plastic linings 


to eliminate start of cracking or to help seal cracks soon afte 


they start? 


Mr. Carter: No, wash coatings were not used as a standard 


practice within the data shown in the paper. We were trying to 
test the refractories and felt that use of a wash coating might 





1. The Ironton Fire Brick Co., Lynchburg, Va. 


confuse the comparison. 








several inner linings. This back-) p 




















OXYGEN CONTENT OF GRAY CAST IRON 


INCREASES WITH TIME 


R. C. Williams and H. W. Lownie, Jr.* 


ABSTRACT 


Four different irons were analyzed by vacuum-fusion 
methods at intervals up to one year from the time each 
iron was cast. The vacuum-fusion analyses showed that 
the oxygen content of gray cast iron increases with 
time. The amount of oxygen absorbed and the rate of 
absorption is dependent upon the structure of the 
graphite flakes connected to the surface of the iron. 
These conclusions were supported by the fact that 
nodular iron absorbs very little oxygen in comparison 
to conventional flake-type irons. 


Gas content of ferrous metals has been studied for 
about 50 years, but most of the work has been done 
on steel, very little on cast iron. Consequently, in- 
formation concerning the gas content, and particu- 
larly the oxygen content, of cast iron has been rather 
puzzling at times. One factor that has contributed 
to the confusion over oxygen in cast iron is the 
time elapsed between casting and analyzing the iron. 
The purpose of this paper is to point out the sig- 
nificance of this factor. 

Scientific studies by thermochemists and physicists 
tell us that gray cast iron of normal silicon content 
should contain only about 0.001 to 0.004 per cent 
oxygen by weight. Many analyses of cast iron re- 
ported in the literature, however, show that actual 
specimens of cast iron contained much more than 
the theoretical amount of oxygen. The question 
arises, therefore, as to who is correct, the theoretical 
physicist or the foundry analyst. 

As an example of high-oxygen irons, in 1934 Reeve 
reported that a piece of cast iron analyzed by him 
contained 0.047 per cent oxygen. This value has been 
frequently quoted and requoted in subsequent litera- 
ture as an example of high oxygen in cast iron. 
From a co-worker of Reeve, it has been learned that 
this specimen was from a piece of cast iron pipe 
which had been buried in the ground for years and 
which was known from metallographic examination 
to contain free iron oxide as rust that had pene- 
trated into the pipe. Hurst and Riley, who have done 
much research on the gas content of cast iron, re- 
ported on a specimen containing 0.019 per cent oxy- 


*Battelle Memorial Institute, Columbus, Ohio. 
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gen. This piece of iron was about 100 years old. After 
simple remelting it contained only 0.0020 per cent 
oxygen. The same investigators have reported that a 
piece of pig iron analyzed in 1945 contained 0.012 
per cent oxygen. At the time of analysis, the iron 
was 25 years old. In another case, a specimen pin that 
contained a few small gas holes had an oxygen con- 
tent of 0.017 per cent. The surface of the gas holes 
were tarnished by oxides. Adjacent sound specimens 
from the same pin contained only 0.0022 per cent O.. 

Experiments at Battelle involving the oxygen con- 
tent of gray iron during the last several years have 
yielded much support for the thermochemical data. 
Attempts have been made to produce high-oxygen, 
“oxidized”, or “dull” gray irons in cupolas by the 
use of lean coke ratios, thin rusty scrap, and low bed 
heights, but it has been only on rare occasions that O, 
contents of more than 0.004 per cent were obtained. 


This suggested that one look elsewhere for an ex- 
planation of high-oxygen values in the literature. Jn 
fact, study of the literature has not revealed a single 
high-oxygen value known to have been determined 
from a sound specimen analyzed shortly after 
casting. 

Experimental Procedure 

To determine whether the oxygen content of cast 
iron increases during storage, four different irons 
were analyzed for oxygen at intervals up to one year 
from the time each iron was cast. The irons used 
for this study were melted in an induction furnace 
and cast into 44-in.-thick plates in green sand molds. 
Three of the irons were conventional flake-type irons 
while the fourth contained nodular graphite. 

The oxygen content of the irons was measured by 
a standard vacuum-fusion method. This method in- 
volves the analysis of the gases evolved when a sample 
of iron is dissolved in a carbon-saturated iron bath 
at 3000 F with the entire system under a high vac- 
uum. The sensitivity of the apparatus in which the 
analytical measurements were made was + 0.0001 
weight per cent oxygen. Figure 1 shows the vacuum- 
fusion apparatus used for the oxygen analyses re- 
ported in this paper. 
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Fig. 1 — Vacuum-fusion apparatus used for oxygen analyses. 


Specimens for vacuum-fusion analyses were pre- 
pared by cutting the flat 14-in.-thick castings into 
approximately 5-gram segments. Each segment was 
grit blasted to remove surface contamination. From 
this time on the specimens were handled with tongs 
or rubber gloves to reduce the chances of contami- 
nation. 

Two specimens of each iron were anlayzed within 
24 hr after casting to determine the oxygen content 
of the freshly cast irons. The remaining specimens 
were stored under existing atmospheric conditions in 
a laboratory drawer and a specimen of each iron was 
analyzed at intervals of 1 week, 1 month, 3 months, 
6 months, and 1 year. To remove any surface rust 
that might have formed during storage, each of the 
stored samples was thoroughly grit blasted again im- 
mediately before vacuum-fusion analyses. It is im- 
portant at this point to realize that a substantial 
amount of iron was blasted away in this cleaning 
operation immediately before analyzing. This was 
done to make sure that if any oxygen pickup was 
found, it could not be attributed to surface rusting 
but would have to be caused by penetration of oxygen 
into the specimen. 

Results of Vacuum-Fusion Analyses 

Vacuum-fusion analyses within 24 hours after cast- 
ing showed that the oxygen contents of all the freshly 
cast irons were low and consistent with thermochemi- 
cal predictions. The residual oxygen content of the 
three conventional flake-type irons ranged from 0.0024 
to 0.0037 per cent while nodular iron contained only 
0.0011 per cent oxygen. The lower residual oxygen 
in nodular iron was caused by the deoxidizing effect 
of the magnesium ladle treatment. 

The increase in oxygen that occurred after each of 
these irons was exposed to average atmospheric con- 
ditions for periods up to 12 months is illustrated in 
Fig. 2. The amount of oxygen absorbed during any 
particular interval of storage was different for each 
iron. The conventional flake-type irons, No. 1, 2, and 
3 in Fig. 2, absorbed oxygen quite readily during the 
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period immediately after casting. Iron No. 3 exceed 
ed the normal oxygen content (0.004 per cent) for 
irons of this chemical composition within one week 
The other two flake-type irons exceeded 0.004 pe 
cent oxygen shortly after 1 month of storage. 
Nodular iron did not absorb oxygen so fast as the 
conventional flake-type irons. In view of the fact tha 
the oxygen content of nodular iron after it was ex 
posed to the atmosphere for 12 months increased tc 
only 0.0025 per cent, the tendency for nodular iror 
to absorb oxygen appears to be very slight. This ex 
plains the improved resistance of nodular irons to 


. oxidation and growth at elevated temperatures. 


Factors Affecting Oxygen Absorption in Cast Iron 

Study of the microstructure of each iron showed 
that the rate of absorption of oxygen depended upon 
the size of the graphite flakes connected to the sur 
face of the casting. As the size of the graphite flakes 
connected to the surface of the casting increased, the 
amount of oxygen absorbed during a given interval 
also increased. The nodular iron absorbed very little 
oxygen, probably because few of the graphite nodules 
were connected to the surface of the casting. The 
size of the graphite flakes in each iron is shown in 
Fig. 3. 

There was no correlation between the amount of 
oxygen absorbed and the chemical composition of 
the iron. While it is true that the size of the graphite 
flakes was dependent upon the composition of the 
iron, other factors such as pouring temperature and 
cooling rate also affected the graphite structure. For 
example, Fig. 3 shows that the chemical composition 
of Iron No. 3 was intermediate between those of 
Irons No. | and 2, yet Iron No. 3 contained the 
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Fig. 2 — Effect of aging on oxygen content of cast iron. 
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Oxygen 
Content, %, 
Com- Immedi- 
posi- ately 
- Iron tion, After After 
“vy No. % Casting 1 Year 


ad 1 3.45C 0.0024 0.0070 








4 2.45 Si 
0.40 Mn 
0.08 S 
0.75 P 
4.52 C.E.* 


2 3.19C 0.0025 0.0110 
4.36 Si 
0.40 Mn 
0.75 P 
0.08 S 
4.89 C.E. 


3 327C 0.0037 0.0160 
3.47 Si 
9.40 Mn 
0.75 P 
0.08 S 
4.67 C.E. 


4 3.24C 0.0011 
2.14 Si 
0.40 Mn 
0.05 P 
0.02 S 
0.03 Mg 
1.09 Ni 


Fig. 3 — Microstructures and chemical analyses of irons used 
to study the effect of storage on the oxygen content of cast 
iron. Mag. — 250X. 


largest graphite flakes and absorbed the most oxygen 
during storage. The only factor that could be cor- 
related with the rate of oxygen absorption was the 
size of the graphite flakes. 


Conclusions 

On the basis of the experimental evidence, gray 
cast iron can absorb oxygen when it is stored under 
average atmospheric conditions. Some high oxygen 
contents reported in the literature for gray irons un- 
doubtedly occurred as a result of oxygen absorbed 
after the iron was cast. Because of the tendency for 
some gray irons to absorb oxygen rapidly, vacuum- 
fusion analyses for oxygen should be made as soon 
as possible after the iron is cast. 

The mechanism of oxygen absorption is not known. 
It is possible that the increase in oxygen occurs as 
a result of (1) some form of oxidation in the areas 
around the graphite flakes connected to the surface 
of the iron or (2) oxygen adsorption on the graphite 
flakes. These ideas are merely speculative and should 


0.0023 


*Carbon Equivalent (C.E.) 
equals T.C.+14 Si.+14 P. 
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not be considered as proved. They are, however, based 
on a knowledge that: (1) a substantial increase in 
oxygen with time occurred only when there were 
graphite flakes that would allow easy passages for 
entry of air to the interior of the iron, (2) the diffu- 
sion rate of oxygen in solid iron is too low to account 
for oxygen entry by direct diffusion, and (3) the in- 
crease in Oxygen was accompanied by an increase in 
hydrogen in an amount which would be expected 
from the formation of hydrated iron oxide. These 
facts do not, however, rule out other possible mech- 
anisms for the absorption of oxygen by cast iron. 
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DISCUSSION 


Chairman: C. K. Donono, American Cast Iron Pipe Co., 
Birmingham, Ala. 

Co-Chairman and Secretary: R. A. CLARK, Electro Metallurgical 
Co., Div. of Union Carbide & Carbon Corp., Detroit. 

T. E. EaGan1 (Written Discussion): It is noted that all of the 
gray iron samples tested have considerable ferrite in the matrix. 
None of the samples could be classified as high grade gray iron. 
It has been the experience of the writer that gray irons con- 
taining as much free ferrite have poor resistance to corrosion. 
Would it not be possible that the increase in oxygen content is 
due to the fact that there is so much free ferrite, which corrodes 
or oxidizes easily? What would be the reaction of a 100 per cent 
pearlitic matrix? 

Mr. WituiaMs (Written Reply to Mr. Eagan): We agree that 
the relative amounts of ferrite and pearlite in the microstructure 
of gray iron may affect the rate at which the iron picks up 
oxygen after casting. Unfortunately, however, the influence of 
the relative amounts of these constituents was outside the scope 
of this investigation. The investigation was designed to deter 
mine if solid gray iron picked up oxygen. How or why the 
pickup occurred was only of secondary interest. Except for 
possible highly specialized applications, gas pickup by iron is of 
such specialized interest that further investigation by us at this 
time was not justified economically. 

If tensile strength is used as the sole criterion for determining 
“grade”, the samples of flake-graphite iron used in these ex 
periments were admittedly not of “high grade”. In the par- 
ticular application with which we were concerned, however, 
tensile strength is only of secondary interest. From the stand- 
point of satisfaction in end use, these irons are of higher “grade” 
than a completely pearlitic iron would be in the same applica 
tion. It is recognized that for many specialized applications (as, 
for example, in high-temperature service), ferritic irons are 
often more satisfactory than pearlitic irons and more difficult 
and expensive to produce than pearlitic irons. In this sense, the 
ferritic irons are of higher “grade” than the pearlitic irons. 


1. Chief Research Metallurgist, The Cooper-Bessemer Corp., Grove City, 
Pa. 
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D. E. Krause? (Written Discussion): This paper is certainly 
a worthwhile contribution to our knowledge of gases in cast 
iron. The evidence also shows that it is a waste of time to 
analyze old castings for oxygen content. It is also gratifying to 
find that the oxygen content of newly cast gray iron approaches 
the theoretical value rather than the higher ones frequently 
reported in the literature. 

It would be of interest and value to determine the oxygen 
content after one year upon removal of say %g in. and % in 
of surface metal to determine the degree of penetration of the 
oxygen. Since the oxygen increase for nodular iron was much 
less than for flake type graphite irons, it appears reasonable to 
assume that oxidation took place along the graphite flakes. 
It would also be of interest to cast one of the plates against 
chills to make a white iron casting. 

Since the gas analysis seems to indicate that the oxygen came 
from hydrated iron oxide, a sample exposed to dry air for one 
year might show whether the oxygen increase came only from 
hydrated iron oxide or from some other sources as well. 

B. B. Bacn3 (Written Discussion): This discussor is in full 
agreement with the authors’ statement that erroneous results 
can be obtained by analyzing for oxygen gray cast irons that 
have been stored for long periods. We at the B.C.I.R.A. have 
frequently found high oxygen (and hydrogen) contents on old 
pieces of cast iron or sand-cast pig iron and also on porous 
samples. In fact, we always tell people that the only thing a 
high oxygen content on a porous casting signifies is that the 
casting is in fact porous. 

To overcome any troubles in the determination of oxygen in 
cast iron we always use chill-cast samples (details are given in 
our paper in the Journal of the Iron and Steel Institute, vol. 176, 
March 1954, pp. 257-263). This of course gives samples free 
from graphite or if the carbon equivalent is very high, very fine 
graphite. Using these samples we have experienced no increase 
in Oxygen content even on storing for long periods. In addition 
this method of casting helps to retain hydrogen and if the 
silicon content is low and the metal at all wild it also prevents 
loss of oxygen. 

One further point that we have noticed is that your oxygen 
contents, even for the freshly cast specimens, are rather higher 
than we should normally expect for such materials. We should 
have expected oxygen results between 0.0005 per cent and 
0.0015 per cent for irons Nos. 1-3; and between 0.0002 per cent 
and 0.0005 per cent for iron No. 4. This discrepancy may well 
be due to the different methods of surface preparation. All our 
specimens are machined dry on a lathe, taking care to obtain as 
fine a surface finish as possible. This keeps the surface area to 
a minimum and hence reduces the possibility of errors due to 
surface oxidation. Have you ever tried any comparisons be- 
tween grit blasted and machined samples? 

Perhaps the authors could let us have their views on these 
comments. 

Mr. WILLIAMS: With regard to the sampling of cast iron for 
gas analyses, the authors also recommend the use of chilled 
samples when the iron alone is being studied. For the data in 
our paper, however, we purposely deviated from our usual 
practices because we were interested in the gas content of the 
iron after it had been cast into green sand molds. We were not 
interested in the gas content of the metal, per se. 

Mr. Bach’s comments pertaining to the oxygen analyses for 
the freshly cast irons are very interesting. We have seldom 
encountered oxygen values so low as he anticipates, even when 
we have analyzed chilled pins. It has been suggested that the 
differences between our vacuum-fusion analyses and those ex- 
pected by Mr. Bach may be due to differences in vacuum-fusion 
equipment and techniques. We will welcome an opportunity to 
continue to exchange ideas and comments on this subject with 
Mr. Bach. 

E. A. Lortat (Written Discussion): This paper confirms what 
some investigators have suspected in regard to the oxygen con- 
tent of gray irons. The more extensive Battelle study1,2 covered 
{0 vacuum fusion analyses on nine cupola heats and has an 
interesting bearing on this work. All but one of the heats pro- 
duced irons with an average oxygen content between 0.0016 and 
0.0027 per cent oxygen, correlating well with the equilibrium 


2. Executive Director, Gray Iron Research Institute, Inc., Columbus, Ohio. 

3. The British Cast Iron Research Association, Bordesley Hall, Alvechurch, 
Birmingham, England. 

4. Staff Metallurgist, Crucible Steel Co., Pittsburgh, Pa. 
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value of 0.002 per cent calculated for the silicon-oxygen re 
action. 

In the early stages of the investigation, the gas determination 
pins were transferred to a mercury-filled trap system immedi 
ately after pouring in order to collect gas evolved between pour- 
ing and analysis. However, it was found that during storage for 
four weeks, gas evolution was negligible. It should be noted 
that these pins were poured in split steel molds producing an 
entirely white iron (no graphite) whereas the author's speci 
mens were cast in green sand molds producing graphitic iron 
The graphite or voids at the surface facilitated the diffusion of 
oxygen. 

The authors have studied irons that contain high silicon and 
carbon equivalent contents and not the usual analyses en 
countered in production foundries. Also, they were melted in 
an induction furnace rather than the popular cupola furnace 
Nevertheless, the initial oxygen analyses are within the oxygen 
levels reported above for cupola melted irons of nominal 3.20 
per cent carbon and 2.10 per cent silicon. Another phase of the 
Battelle study? indicated that oxygen content below about 0.005 
per cent in the iron did not affect chill depth. With 0.005 to 
0.007 per cent oxygen, there appeared to be a slight graphitizing 
tendency. 

Would the authors comment on the form of the absorbed 
oxygen in the stored samples? Also, were the hydrogen and 
nitrogen contents high in these samples? In these long-stored 
samples of high silicon irons, was there any indication of internal 
oxidation products (oxygen forming oxide inclusions with ele- 
ments having a higher affinity for oxygen than iron)? The 
reported values are much higher than the solubility of oxygen 
in ferritic iron and gamma iron, the term “solubility of oxygen” 
being defined as the maximum amount of oxygen that can be 
taken up by iron before a separate oxide phase is formed. It 
would seem that the gases might be unevenly absorbed. There 
fore, what would be the degree of scatter in the oxygen values 
plotted in Fig. 2 (in particular for iron No. 3) ? 

Iron No. 3, which has the highest initial oxygen content and 
absorbs the highest oxygen content on storage, not only possesses 
the coarsest graphite flakes, but the most clearly defined ferrite 
grain boundaries for the penetration of oxygen. What was the 
depth of the ferrite skin in each of the three flake-type irons 
studied and what effect, if any, would the depth of this layer 
have on the absorption of oxygen? What would be the pene- 
tration of oxygen with time in a flake type iron possessing a 
pearlitic matrix right to the surface of the casting? Finally, 
what effect, if any, would the pick-up of oxygen for the maxi- 
mum storage time studied have on the mechanical properties 
of these irons? In the extensive Battelle study3 investigating 
chill depth, transverse strength and deflection, impact strength, 
spiral fluidity and section sensitivity to hardness, the lowering 
of transverse strength accompanying higher oxygen content was 
the only significant undesirable effect of high oxygen content. 
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Mr. WiiuiAMs: The answers to most of Mr. Loria’s questions 
can be found in the last few paragraphs of the paper. A few of 
his questions are beyond the scope of the present work, and 
pertain to factors that were not investigated. 

A. J. Dusto5: The authors show the oxygen content of four 
irons with carbon equivalents of over 4.3. Would the authors 
expect the same results with an iron of low carbon and medium 
silicon such as a machine tool iron with a C.E. of 3.70? 

Mr. WILLIAMS: In answer to Mr. Dublo’s question regarding 
an iron with a carbon equivalent of 3.70 per cent, we believe 
that this iron when solid would absorb oxygen more slowly than 
an iron having a higher carbon equivalent and cast into the 
same section. The rate and amount of oxygen pickup are 
affected greatly by the size of the graphite flakes, and the 
size of the graphite flakes is determined by a number of vari- 
ables in addition to carbon equivalent. 


5. Metallurgist, The Sterling Foundry Co., Wellington, Ohio. 








AIR POLLUTION PROBLEMS 


By 


George D. Clayton* 


ABSTRACT 

Air pollution control involving a comprehensive attack 
on all pollutants, as contrasted with regulation of smoke 
emissions alone, is a recent development. To date, most 
air pollution control programs are municipal in scope, 
but much dissatisfaction is expressed over the way many 
of these efforts are hampered by existing local govern- 
mental boundaries. As a result, the trend is toward 
grouping of communities by county, and in some cases 
grouping several counties into one air pollution control 
district. Some states now have state-wide air pollution 
control programs and other states are becoming more 
interested in establishing such a program. 

The Federal Government is embarking on an exten- 
sive air pollution research program aimed at determining 
the effects of air pollutants on health, vegetation and 
economy, as well as determining the influence of mete- 
orological factors in air pollution. 

Effects of air pollution on health are little known at 
this time, and until their effects on a community are 
known, it is impossible to predict the ultimate standards 
which will be imposed on the entire industry. However, 
for the Foundry Industry, the standards established by 
Los Angeles County will probably be the most stringent 
the foundrymen will have to endure. 

A practicable approach to the air pollution problem is 
through joining forces with government officials, equip- 
ment manufacturers and industrial users, under the aus- 
pices of the National Sanitation Foundation, University 
of Michigan School of Public Health, where other sani- 
tation problems have been solved satisfactorily. 


Introduction 

AiR POLLUTION . . . What effect will these two words 
have on our future? Will these two words result in such 
excessive costs to industry that they will close the pres- 
ently operating small plants and prohibit the establish- 
ment of new plants having limited capital? Will these 
two words even adversely affect the operation of the 
large industries because of law suits and excessive costs 
for control? Will air pollution become such an ogre 
that it will stifle industry and our way of life? It can 
vou know, if sound, intelligent steps are not now taken 
on the part of industry in the legislative, technical and 
public relation spheres of air pollution. 

Before looking into the future for probable develop- 
ments in air pollution and its effects on the Foundry 
Industry, let us review the past and the present facets 
of air pollution. 


*George D. Clayton & Associates, Detroit, Mich. 
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Legislation 

The legal aspect of air pollution is of utmost im- 
portance to each foundry owner, therefore let us dis- 
cuss this facet and in most detail. Appendices I and II 
give respectively the laws governing air pollution in 
the various states, and the proposed Federal bills on 
the subject. The many city ordinances will not be pre- 
sented in this report, as these laws are very well sum- 
marized in the booklet ConTRoL oF EMIssions FROM 
METAL MELTING OPERATIONS published by the Ameri- 
can Foundrymen’s Society. 

Before examining the present and future laws, let us 
give cursory attention to the past. The first law enacted 
on air pollution was in 1306. A few years prior to that 
time coal was becoming popular as an industrial fuel 
due to the increasing shortage of charcoal. The law- 
makers of the time (nobles and prelates) were greatly 
annoyed at the smoke pall over the city and took 
action to obtain relief from the obnoxious condition. 
Consequently a Royal Proclamation was issued in 1306 
prohibiting the use of coal in England. Following this 
proclamation it is recorded in one instance a person 
who disobeyed the King’s command was tried for his 
crime, condemned to death, and executed for polluting 
the air with harmful materials. 

Today this episode may appear amusing and one 
will say it can’t happen here and now, in the twentieth 
century. Yet let us look at the facts. In Donora the 
officials of the steel plant were threatened with crimi- 
nal negligence. In California the Governor requested 
the petroleum industry to shut down during an inver- 
sion period; and in many state and local governments, 
lawmakers have proposed laws which, if enacted, 
would shut down certain types of industry. Why, you 
ask, would highly placed officials propose laws which, 
if passed, would stifle industry, with subsequent loss 
of revenue to the community and other benefits that 
a strong, healthy industry gives to a city? The answer 
lies in the alarm of the people and their apprehen- 
sion for the health of their families and themselves. 


Limitations of the Law 
How limited is the power of the states to control 
air pollution? Could control be so stringent as to ruin 
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an established business, regulate the manner of doing 
business and the use of property, or prohibit it alto- 
gether, or require the large expenditures for equip- 
ment, if necessary? To answer these questions, let us 
review the Federal laws. The only prohibitive provi- 
sions in the Federal Constitution which apply to the 
police power to control smoke nuisance (or air pol- 
lution) are the due process and equal protection 
clauses of the Fourteenth Amendment which states: 
“Nor shall any state deprive any person of life, liberty, 
or property, without due process of law; nor deny 
to any person within its jurisdiction the equal pro- 
tection of the law.” 

This clause, however, has not been a strong factor 
in defense tactics, as it has been settled that any 
provision of a statute or ordinance regulating a nui- 
sance (such as smoke) is valid, in so far as the due 
process clause is concerned, if it is reasonably neces- 
sary for the accomplishment of the purpose and for 
the public welfare generally, and if it is not unduly 
oppressive, nor arbitrarily interferes with private busi- 
ness, or places extraordinary and needless restrictions 
upon a lawful occupation. The pivotal point of the 
cases tried has been the “reasonableness” of the law 
in dispute—and rests on the facts and circumstances 
of the case. It has been settled that a law is not invalid 
because it puts an establishment out of business, or 
requires expenditure of large sums of money to comply 
with terms of the law; nor because there are no ap- 
pliances available to prevent the prohibited fumes 
or smoke. Because the law can regulate a business to 
the extent of closing it, it is expedient to familiarize 
ourselves with some of the controversies. 


Cases Cited 

Essentially, the earliest cases involving smoke and 
other pollutants of the air were tried on the “nuisance” 
clause where there was no specific ordinance prohibit- 
ing the action or condition which was obnoxious. One 
of the earliest cases settled on the “nuisance” clause 
was “People v. Detroit White Lead Works, 82 Michi- 
gan 471, 46 N.W. 735 (1890) .” A large paint factory 
operating in the midst of a populous community was 
prosecuted for “consistently producing odors, smoke 
and soot of such noxious character, and to such an 
extent that they produce headache, nausea, vomiting 
and other pains and aches injurious to health.’” The 
corporation and its officers were convicted of violating 
a Detroit ordinance prohibiting any factory from al- 
lowing any nuisance on premises within the limits 
of Detroit, even though the business was carried on 
in a careful manner and nothing was done which was 
not a reasonable and necessary incident to the busi- 
ness. The court said: “. .whenever such a business be- 
comes a nuisance, it must give way to the rights of 
the public, and the owners thereof must either devise 
some means to avoid the nuisance or must remove 
or cease the business. It may not be continued to the 
injury of the health of those living in its vicinity.” 
Note the date was 1890. 

On the other hand, contrary to this ruling, in 
several cases involving private nuisances the businesses 
involved were found not guilty of violations because 
the court said they were using the best known modern 
appliances to prevent smoke and fumes, as in “Downs 
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v. Greer Beatty Clay Co., 29 Ohio C.C. 328, 58 A.L.i . 
1226 (1905); and “Price v. Carey Mfg. Co., 310 P 
557, 165 Atl. 849 (1933). 

“Glucose Refining Co. v. City of Chicago, 138 Fe 
209 215, (1905) ”’ was settled on the basis that smo 
and fumes constitute a nuisance, as was “Northwe 
ern Laundry v. Des Moines (239 U. S. 486, 60 L « 
396, 401 (1915), which is oftquoted and used in se - 
tling other cases to this day. In its decision the cou 
said, ‘““Nor is there any valid Federal Constitution. | 
objection in the fact that the regulation may requi 
the discontinuance of the use of property or subjec| 
the occupant to large expense in complying with the 
terms of the law or ordinance.” 

Many intersting questions have arisen in connection 
with court cases, several of which are of import to 
industry: 

1. How much damage must be shown by the person 
or persons bringing suit? 

2. Does “coming to the nuisance” influence a decision? 

3. Where there is more than one source of pollution, 
must plaintiff show damage from each one spe- 
cifically?. 

In reply to the first, actual damage need not be 
shown. The “reasonableness” of the ordinance is usu- 
ally the deciding factor, and the courts have been 
meticulous in adhering to the true meaning of the 
word “damage” and in a number of cases ruled against 
the plaintiffs because they held that the resulting con- 
dition was not “damage” but rather an inconvenience.” 
It is interesting to note that in several instances in 
Missouri, Ohio, and Minnesota, where decisions were 
made in favor of the industry or business, it was only 
on the grounds that the city or local body bringing 
suit did not have the power to do so. More and more 
in recent years this has been changed by the “enabling 
legislation” enacted by the states. 

Referring to question 2—generally the “right of 
habitation” takes precedence over the right of indus- 
try or trade. Where population growth approaches a 


nuisance, the decisions of the courts were “. . . it is 
the duty of those liable at once to put an end to it” 
and “. . . One cannot erect a nuisance upon his land 


adjoining vacant lands owned by another and thus 
measurably control the uses to which his neighbor's 
land may in the future be subjected.” (Mahone v. 
Autry (1951) 55 N. Mex. 111 227 P. 2d 623.) and 
(City of Rochester v. Charlotte Docks Co.) . 

With reference to question 3, instances where one 
source was not responsible for enough pollution to 
constitute a nuisance, but the total contribution of 
two or more sources of pollution was a nuisance, were 
adjudged cases of joint liability. Recent rulings have 
held those responsible for the various contributions 
to be “joint tort feasors” or at least not in position 
to object if the court divides the damages between 
them as best it can. In another case (Permanente 
Metals Corp. v. Pista (CCA 9, 1946) where the court 
found it was not possible to differentiate between the 
damage arising from injury attributable to the de- 
fendant, and damage which has another origin, the 


trier of the facts “. . . should be left to make from 
the evidence the best possible estimate.” In “Learned 
v. Castle, 78 Cal. 454— “. . . a wrongdoer who contri- 
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b tes to a damage cannot escape entirely because his 
p oportional contribution to the result cannot be 
a curately measured.” 


Present Status 

\n examination of the state statutes shows that all 
si ites have requisite authority to engage in air pollu- 
tion control activities, or to delegate such authority 
to cities or other political units if they do not already 
possess such power. Many local governments have the 
authority to implement air pollution programs, al- 
though in some states it was first necessary to pass 
“enabling legislation,” to strengthen and clarify the 
authority of the local governments. In California, 
Kentucky, New Jersey, Pennsylvania, and Wisconsin 
either some or all counties have been authorized to 
conduct air pollution control programs. New York 
has given the authority to towns (townships) . 

The study of the past and present legislative data 
reveals the trend for larger and larger areas to be 
under one air pollution control authority. Conversely, 
the trend is away from a city or one municipal con- 
trol. Los Angeles in 1947 was the first instance in the 
direction of larger control areas. There the control 
district is composed of some 30 different communities 
and the idea is now expressed by many that the pres- 
ent Los Angeles control district is too small to be 
effective and should be eniarged to include an area 
known as the Los Angeles basin. Another example of 
the trend of larger control is Oregon (see Appendix I) 
where, in 1951 a state law was passed establishing a 
state-wide air pollution program. Pennsylvania, in 
1949, was one of the first states to initiate a state-wide 
surveillance of air pollution. This law states, in part: 
“General legislation operating uniformly throughout 
the state is necessary .. .” 

In New Jersey an air pollution law has been enacted 
on a state-wide basis. In this law air pollution is de- 
fined as: “. . . the presence in the outdoor atmosphere 
of substances in quantities which are injurious to hu- 
man, plant or animal life or to property, or unreason- 
ably interfere with the comfortable enjoyment of life 
and property throughout the State and in such terri- 
tories of the State as shall be affected thereby, and 
excludes all aspects of employer-employee relationship 
as to health and safety hazards.” 

The latest example of this trend is in California 
where it ‘is recommended in the booklet “Clean Air 
For California” (prepared by the California Depart- 
ment of Health) that the state: 

1. Recognize air pollution in all its facets as a matter 
of state concern, with its health aspects paramount. 

2. Designate the agency or agencies in State Govern- 
ment to exercise the State’s responsibilties in this 
field. 

3. Establish a program to keep itself and the public 
informed as to the nature, extent, effects and re- 
medies of air pollution throughout the State. This 
program should include: 

a. Continuing surveillance to determine the effects 

of air pollution on health, 

b. Determination of the effects of air pollution upon 

plant and animal life, 

c. Determination of factors responsible for air 

pollution, 
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. Measurement of air pollutants, 

. Development of means of control of air pollution, 

. Establishnrent of laboratory services, and 

. Assistance to local agencies in implementing this 

program. 

4. Support research into all aspects of air pollution. 

5. Assist local governmental agencies to establish and 
maintain air pollution control programs by pro- 
viding: 

a. Machinery for regional development and admin- 
istration of control programs, based upon con- 
siderations of natural topography and air move- 
ment, encompassing several counties or parts of 
counties as necessary. 

b. Scientific data, technical advice and consultation 
to governmental and other agencies concerned 
with air pollution control. 

c. Compliance of state and local governmentally 
controlled buildings and other facilities with lo- 
cal air pollution control rules and regulations. 

6. Prepare a plan, in cooperation with local authori- 
ties for emergency action to cope with any imme- 
diate serious danger to the public health that may 
arise from air pollution. 

7. Coordinate its efforts with those of federal and 
local governmental and private agencies seeking to 
assess and solve the problem. 

8. Recognize the need for immediate analysis and con- 
tinuing study of the law, and for necessary legis- 
lation to adequately facilitate the program outlined 
above. 

Being intimately familiar with each of the states 
programs and personnel responsible for the adminis- 
tration of these programs, it is possible for the writer 
to state the present philosophy in back of these state 
laws. Most of the people administering state programs 
believe that each community large enough to support 
an air pollution control program should be urged to 
enforce such a program. Those areas however, which 
cannot support an air pollution program will be given 
assistance by the State. All communities large or small, 
will be given technical and laboratory assistance from 
the State, when such aid is requested. 

What does this trend mean to the Foundry Indus- 
try? A likely prognosis is that foundries located in the 
country or in small communities which have little or 
no air pollution control programs, and subsequently 
little or no pressure being applied for air pollution 
controls, will eventually have the same laws govern- 
ing emissions as the foundries located within the 
city. 

In the foregoing discussion it is clearly evident that 
the air pollution control areas are being made larger. 
This raises another question—will there be Federal 
laws regulating air pollution, with such laws super- 
ceding all local and state laws? With anxiety and fore- 
boding some have expressed the opinion that the 
Federal Government was going to step into the air 
pollution problem with a control program, thus sub- 
jecting all of industry to a standard, rigid air pollu- 
tion control law. Actually, that is the antithesis of its 
objectives. 

Before opening a consulting practice, the writer 
worked for the Federal Government for 12 years, and 
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can truthfully say that at the present time none of 
the concerned officials in the administrative branch 
of the government wants, or even thinks it advisable 
or desirable, to have a Federal air pollution control 
program. Appendix II gives the bills now before Con- 
gress on air pollution. A study of these bills reveals 
the tenor of the present thinking of the Federal law 
makers. This thinking can be summed up in two words 
—(l) research (2) Federal tax relief. This is a very 
wholesome attitude. It would appear, however, that a 
more desirable tax approach would be the reduction 
of local taxes. It is after all the local people who re- 
ceive the benefits of control measures. 


Plans of Federal Government 

The air pollution program of the Federal Govern- 
ment provides only for research into the health, vege- 
tation, meteorologic and economic facets. The Depart- 
ment of Health, Education and Welfare will have the 
prime responsibility in this field. Their proposed pro- 
gram for 1956 is as follows: 

a. Initiation of studies of the health effects of air 
pollutants through community studies and re- 
search on specific physiological effects. 

b. Operation of a nationwide sampling network for 
air pollutants in cooperation with State and local 
agencies. Samples are collected and forwarded to 
Cincinnati for analysis. 

c. Studies of relation between community air pol- 
lution and weather phenomena. 

d. Evaluation of air cleaning procedures—as con- 
cerned with control of pollutants at the source. 

e. Development of air pollution control guides— 
for application by control agencies. 

f. Limited technical assistance to State and local 
agencies on urgent problems of community air 
pollution and in technical training of personnel. 
Currently three men are on loan to the Califor- 
nia State Health Department in connection with 
the Los Angeles problem; assistance to other areas 
will be provided within limitations of available 
staff. 

The Department of Health, Education and Wel- 
fare has organized an air pollution committee com- 
posed of those departments having an interest in air 
pollution. This committee will help develop the gov- 
ernmental program and recommend the allocation of 
funds. For example, meteorological studies will be 
undertaken by the Weather Bureau, vegetation studies 
by the U. S. Department of Agriculture, health studies 
by the U. S. Public Health Service. 

This type of research is most desirable as it will 
illuminate the darkness which now surrounds our 
knowledge of the effects of air pollution. Any new 
knowledge gleaned from such research would help 
the lawmakers in the formation of new laws which 
will be beneficial to all. 

It would be advantageous, in the writer’s opinion, 
for the Federal Government to have the benefits de- 
rived from the advice of industry, research, and edu- 
cational institutions. It would be desirable therefore 
that an Advisory Council of Air Pollution be estab- 
lished. This Council should be composed of those 
industries having an interest in air pollution, along 
with research and educational institutions. 
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Health 


As mentioned in the preceding pages, the foremo 
reason for some of the intemperate proposed legis] .- 
ture on air pollution is due to the fear of the peop « 
of its adverse effects. To properly evaluate air px 
lution in relation to health, one must consider th.c 
problem from the viewpoint of both its acute an | 
chronic effects. The acute aspect of the problem his 
been proven by the occurrences of air pollution di.- 
asters where, in London, 1952, 4,000 people died; i: 
Donora, in 1948, 22 people died; in Poza Rica, 195(, 
20 people died; and in Meuse Valley, 1930, 64 peop). 
died. 

It is not simple, however, to determine what th: 
effects on the populace are of long-term exposure to 
atmospheric pollution. If these effects are to be asce: 
tained, we must have answers to certain questions, 
such as: (1) What effect does atmospheric pollution 
have on persons with pre-existing maladies such as 
disease of the respiratory tract, heart disease, and pos 
sibly others? (2) What effect does atmospheric pollu 
tion have on elderly people who by the aging 
process naturally develop degenerative diseases of the 
lungs and heart? (3) What effect does atmospheric 
pollution have on children who have an increased 
respiratory rate as well as increased metabolism? (4) 
What effect does it have in lowering the resistance 
of persons so as to predispose them to infectious dis 
eases, particularly of the respiratory tract? (5) What 
effect does atmospheric pollution have on the mental 
health of individuals? 

To answer these questions it is necessary to know 
more about the properties and effects of the contami 
nants themselves, such as: (1) What concentration 
of contaminants is required to produce acute and 
chronic effects? (2) Does a combination of contami- 
nants act individually? Is the effect additive, or is 
the effect greater than the summation of the individ- 
ual effects? (3) Under what meteorological conditions 
would contaminants increase to harmful concentra- 
tions? 

These and many other questions must be answered 
before one can adequately evaluate the long term ef- 
fects of atmospheric pollution on the health of the 
general population. Only general knowledge is pres- 
ently available, such as the fact that atmospheric pol- 
lution does decrease the quantity of the germicidal 
rays of the sun and in this way may indirectly produce 
adverse effects. It is also known that irritating gases 
and large amounts of particulate matter present in 
the atmosphere may reach concentrations which would 
have an adverse effect. The extent of such injurious 
effects is not known. 

Maximum allowable concentrations of many toxic 
substances have been established for protecting the 
health of workers in industrial plants. However, these 
concentrations have been established for the type of 
personnel normally employed in industry (aged 18-60 
in relatively good health) during the course of an 
eight-hour day. Hence, the maximum allowable con- 
centrations familiar to industrial hygienists throw lit- 
tle light on amounts that can be safely breathed 24 
hours a day by the general population, including the 
very young and the aged, as well as persons with or- 
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e.nic diseases and those with special sensitivity to 
respiratory irritants. 

It should be noted that information available on 
tle toxicological effects of mixed irritant gases is 
meager and that data on possible enhanced action 
due to adsorption of gases on particulate matter are 
limited. 

To obtain the necessary data will require both 
laboratory and field work on an extensive and time 
consuming scale. Although these long-range studies are 
essential to the solution of the problem of atmospheric 
pollution, this does not mean that practical control 
procedures can not be carried forward in the mean- 
time. 


Engineering 

What does the future hold in engineering controls? 
Before prognosticating on controls per se, let us at- 
tempt an “educated guess’’ on how stringent will be 
the anti-pollution regulations. For certain types of 
industries this question is impossible to answer at this 
time, and will have to wait the outcome of the re- 
search by the Federal Government and others. For 
example, if it is found that certain air contaminants 
are cancerigenic, causing cancer in the general popu- 
lation, it is possible that the emission of these con- 
taminants would be prohibited. Fortunately, the nor- 
mal emissions from ferrous foundries do not create a 
health hazard, but rather may be classified, when ex- 
cessive, as a nuisance. With this thought in mind, it is 
believed that the standards imposed on the foundries 
will probably never be any greater than those now im- 
posed on the industry in Los Angeles County. (See 
Table 1.) 

Many people may feel that Los Angeles is a special 
problem and therefore the stringent controls imposed 
on industry located there will not apply elsewhere. This 
type of reasoning is for the wishful thinkers. It must 
be kept in mind that many control officials are under 
pressure by the citizens of the community for cleaner 
air, and these control officials are looking closely at 
the Los Angeles situation. The current feeling of many 
is that if industry can do it in Los Angeles, there is 
no reason why “they” shouldn’t do it in their own 
community also. It is apparent that in the future more 
foundries will be subjected to air pollution controls 
and that with the exception of those foundries in 
Los Angeles County, the controls wil become more 
stringent. 


Control Methods 

The control of air pollution may be accomplished 
in many ways. The foremost method of control is at 
the source either through appropriate collecting de- 
vices, or the dilution method. Your Society has an 
excellent publication entitled CoNTROL OF EMISSIONS 
FROM METAL MELTING OPERATIONS on control of emis- 
sions at the source. Other methods which as yet have 
not received sufficient attention are: 
(1) Zoning 

For the development of adequate zoning laws it is 
necessary to have a knowledge of the maximum al- 
lowable concentrations, pertaining to health, safety, 
economy, and vegetation; and these, either for total 
contaminants, specific elements, compounds, or com- 
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TABLE 1 — Los ANGELES COUNTY AIR POLLUTION 
CONTROL DiIstTRICT PERMISSIBLE STACK SOLIDS 
EMISSIONS FOR VARIOUS PROCESS WEIGHTS 





Maximum Maximum Maximum 
Process Weight Process Weight Process Weight 
Wt/hr Disch/hr Wt/hr Disch/hr Wt/hr  Disch/hr 





(1b) (1b) (1b) (1b) (1b) (1b) 
50 24 1,900 4.03 4,700 6.45 
100 46 2,000 4.14 4,800 6.52 
150 66 2,100 4.24 4,900 6.60 
200 852 2,200 4.34 5,000 6.67 
250 1.03 2,300 4.44 5,500 7.03 
300 1.20 2,400 4.55 6,000 7.37 
350 1.35 2,500 4.64 6,500 7.71 
400 1.50 2,600 4.74 7,000 8.05 
450 1.63 2,700 4.84 7,500 8.39 
500 1.77 2,800 4.92 8,000 8.7] 
550 1.89 2,900 5.02 8,500 9.03 
600 2.01 3,000 5.10 9,000 9.36 
650 2.12 3,100 5.18 9,500 9.67 

700 2.24 3,200 5.27 10,000 10.0 
750 2.34 3,300 5.36 11,000 10.63 
800 2.43 3,400 5.44 12,000 11.28 
850 2.53 3,500 5.52 13,000 11.89 
900 2.62 3,600 5.61 14,000 12.50 
950 2.72 3,700 5.69 15,000 13.13 
1,000 2.80 3,800 5.77 16,000 13.74 
1,100 2.97 3,900 5.85 17,000 14.36 
1,200 $.12 4,000 5.93 18,000 14.97 
1,300 3.26 4,100 6.01 19,000 15.58 
1,400 3.40 4,200 6.08 20,000 16.19 
1,500 3.54 4,300 6.15 30,000 22.22 

1,600 3.66 4,400 6.22 40,000 28.3 

1,700 3.79 4,500 6.30 50,000 34.3 

1,800 3.91 4,600 6.37 60,000 40.0 

or 
more 





bination of compounds are unknown with the excep- 
tion of concentrations of sulphur compounds in 
relation to the destruction of vegetation. This lack 
of basic information makes it difficult not only for the 
control officials but also industry and community, to 
know exactly to what extent controls are necessary. 

In light of this limited knowledge, caution must 
be exercised in requiring expensive equipment for the 
control of effluents emitted to the atmosphere. As more 
information is acquired on the influence of contami- 
nants, the equipment now installed or proposed, later 
may be found to be inadequate for the protection of 
the community. Once maximum allowable concentra- 
tions have been established, city planning commissions 
can utilize this information for approving new plants 
or expansion of existing facilities. This could be ac- 
complished by determining first the existing levels of 
pollution in an area and obtaining potential aerial 
discharges of the proposed facilities. With this infor- 
mation a few calculations can be made to determine 
whether the new levels, if the plant were constructed, 
would exceed the maximum allowable concentrations. 
Thus the existing plants in the area would be pro- 
tected from installing expensive control equipment. 
(2) Substitution of materials and methods 

The substitution of methods as a control in air pol- 
lution has received far too little attention. Under this 
heading one would consider the changing of methods 
on metal melting, the use of certain core oils to re- 
duce odors, the substitution of one fuel for another, 
and many others. 

It is the writer’s opinion that this method of control 
offers much help to the Foundry Industry with a mini- 
mum of expenditure. It is necessary however, to exert 
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considerable effort in this direction if the maximum 
benefits are to be derived. 


Conclusions 

In concluding, the Foundry Industry may ask how 
should it meet the problem: The industry should ac- 
cept the fact that people are demanding cleaner air— 
and are getting it. Good management knows that it 
pays to work with the community and not fight it. As 
the old saying goes, “If you can’t lick ‘em, join ’em.” 

This idea has been used most successfully in the 
food sanitation industry. In this industry, eleven Fed- 
eral agencies now write food sanitation equipment 
specifications; 150 state agencies are authorized by law 
to control food sanitation; and each city and county 
may write its own standards to protect the health of 
its citizens. The results were as confusing as the air 
pollution picture is now, until a non-profit organiza- 
tion called the “National Sanitation Foundation” was 
started. This organization “joined” the enforcement, 
manufacturing and Federal groups into one. Under 
the National Sanitation Foundation task forces com- 
posed of the groups just mentioned establish stand- 
ards. The manufacturers of equipment design their 
products to meet these standards, and the National 
Sanitation Foundation test the equipment, and when 
it meets the standards, give it a seal of approval. 

Such a program would be most helpful in the field 
of air pollution. In this field are practically as many 
standards (excepting smoke) as there are laws. The 
buyers of air cleaning equipment have little guaran- 
tee that equipment purchased will perform as desired; 
the manufacturer of air cleaning devices has little 
knowledge of what may be expected of their equip- 
ment from one year to the next, resulting in confusion 
to both. The formation of a working group under the 
National Sanitation Foundation in the field of air pol- 
lution would do much to delineate our requirements 
and clarify the problem, along with the subsequent 
savings of money to all concerned—giving protection 
to the control official and the buyer, as well as the 
manufacturer. Why not take advantage of the experi- 
ence of the food industry which has already suffered 
the growing pains that air pollution is now experi- 
eiicing. 


APPENDIX | 
STATE LAWS AND REGULATIONS GOVERNING 
Arr POLLUTION 


ALABAMA 

Nuisance Control: Title 22, Section 75. Nuisances menacing 
health and their abatement, “The following things, condi- 
tions and acts, among others, are hereby declared to be 
public nuisances per se, menacing public health and unlaw- 
ful... (7) The conducting of a business, trade, industry, 
or occupation, or the doing of a thing, not inherently insan- 
itary or a menace to public health in such a manner as to 
make it a menace or likely to become a menace to public 
health. (8) The conducting of a business . . . or occupation 
. ». without complying with safeguards for the protection of 
health as may from time to time be prescribed by the rules 
and regulations of the state board of health.” 


ARKANSAS 

Section 82-112. Nuisances — Examinations — Reports of re- 
sults — Orders of governor — Violations. “At any time, the 
Governor may require the State Board of Health to examine 
into nuisances or questions affecting the security of life and 
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health in any locality . . . and the said board shall have a! 
the necessary powers to make such examinations, and it shal 
report the results thereof to the Governor . . . and the Goy 
ernor may . . . declare them to be public nuisances, an 
order them to be changed as he shall direct, or abated an 
removed...” 


CALIFORNIA 

Air Pollution Control. Health and Safety Code, Sectio 
24199. Necessity for air pollution districts. “The Legislatur 
hereby finds and declares: 

““(a) That in portions of the State the air is polluted wit! 
smoke, charred paper, dust, soot, grime, carbon, noxiou 
acids, fumes, gases, odors, particulate matter, and other ai 
contaminants. 

“(b) That it is not practical or feasible to prevent o 
reduce such air contaminants by local county and cit 
ordinances. 

““(c) That in other portions of the State the air is not s 
polluted. 

“(d) That it is necessary, therefore, to provide for aii 
pollution control districts in those portions of the Stat 
where regulations are necessary and feasible to reduce aii 
contaminants in order to safeguard life, health, property and 
the public welfare and to make possible the comfortable 
enjoyment of life and property.” 

The Act creates each county as an air pollution control 
district and outlines the powers and duties. 

Section 24208. Defines “air contaminant” to include 
“smoke, charred paper, dust, soot, grime, carbon, noxious 
acids, fumes, gases, odors, or particulate matter, or any com 
bination thereof.” 

Section 24242. Prohibits the “discharge into the atmos- 
phere from any single source of emission . . . for a period o1 
periods aggregating more than three minutes in any one 
hour which is: (a) as dark or darker in shade as that desig- 
nated as No. 2 on the Ringelmann chart, as published by 
the U. S. Bureau of Mines, or (b) of such opacity as to 
obscure an observer’s view to a degree equal to or greater 
than does smoke described in subsection (a) of this section.” 

Section 24246. Provides right of entry to buildings or 
premises and for inspection of vehicles. 

Sections 24260 to 24341. Deal with procedure for hearings, 
permits, authority for making and enforcing rules and regu- 
lations that will reduce the amount or air contaminants 
released within the district, and unified air pollution con- 
trol districts. 


CONNECTICUT 

General Statutes, 1949, Section 3801. Powers and duties of 
commissioner. ““The commissioner of health shall investigate 
nuisances and conditions affecting, or that he has reason to 
suspect may affect, the security of life and health in any 
locality and . . . may enter and examine any . . . building 
or place...” 


DELAWARE 

Laws of Delaware 1941, Chapter 91, Section 2. Duties; row- 
ers. “The said Board shall have the power... (b) to pre- 
vent and control nuisances which are or may be detrimental 
to the public health...” 


DISTRICT OF COLUMBIA 

Smoke Abatement. Section 6-801. “No person shall cause, 
suffer, or allow dense smoke to be discharged from any build- 
ing, stationary or locomotive engine, or motor vehicle, place, 
or premises within the District of Columbia . . . nor shall 
any person cause, suffer, or allow cinders, dust, gas, steam, or 
offensive nor noisome odors to escape or to be discharged 
from any such building, or place, to the detriment or annoy- 
ance of any person or persons being therein or thereupon 
engaged.” 


FLORIDA 

Nuisance Control. Revised Laws 1945, Section 6233, amended 
or trade whereby noisome stenches and odors and noxious 
gases arise or are generated, within any incorporated or 
unincorporated city or town of the State of Florida of over 
two hundred inhabitants, are declared nuisances injurious 
to health; and any person who shall cause, erect, create, 
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mintain or continue any such nuisance, and who shall fail, 
a: er due notice from the State health officer, to abate the 
sa ne, shall be fined one hundred dollars.” 


AWAII 

1isance Control. Revised Laws 1935, Section 6233, amended 
Session Laws 1945, Act 56. Authorizes the board of super- 
ors of each county, among other things, “to regulate and 
‘scribe by ordinance, (a) the construction of chimneys 
ad smoke stacks and to compel the building of same, and 
regulate and prevent the emission of dense smoke, soot 
poisonous gases therefrom, and (b) the construction of 
gasse conveyors and to regulate and prevent the emission 
bagasse dust therefrom; and to declare any of the fore- 
going a nuisance.” 

ILLINOIS 

Air Pollution Control. 1953 New Laws, Senate Bill No. 204. 
lhe bill is entitled as follows: “An Act creating a Commis- 
sion to investigate and make a study of atmospheric pollu- 
tion throughout the State of Illinois and the development of 
comprehensive plans for the enactment of legislation di- 
rected toward the program for the prevention and abate- 
ment of atmospheric pollution and the relief of the people 
of Illinois from the menace of future atmospheric pollution, 
to define powers and duties, and to make an appropriation 
therefor.” 

The Commission is to consist of seven members, one of 
whom shall be the chief sanitary engineer of the Department 
of Public Health, as member ex officio; three members are 
to be appointed from the members of the Senate; and three 
others from the House by the respective heads. The Com- 
mission’s duties include making, or causing to be made, a 
complete and thorough survey of the causes and facts of 
atmospheric pollution and a survey of State laws concerned 
with the subject matter. In conducting the survey the Com- 
mission is authorized to solicit the assistance of the State 
Department of Public Health, or of any other agency, in- 
dustry or person that can make a contribution. Another 
function is to formulate preliminary plans for legislation 
which might be utilized by the local interests affected for the 
improvement of health conditions and avoidance of loss of 
crops, livestock and of damage to property. 

The Commission was appropriated $35,000 for expenses 
and is empowered to conduct hearings, issue subpoenas and 
compel the production of books, records and papers neces- 
sary for their investigation. 


INDIANA 

Nuisance Control. Section 48-1407. General powers of Coun- 
cil. “The common council of every city shall have power to 
enact ordinances for the following purposes . . . 

“Tenth. To regulate the location and management of 
starch factories, glue factories, renderies, tallow chandleries, 
bone factories, soap factories, tanneries, establishments of 
which the business or trade may become noxious or injurious 
to public comfort or health; and to prohibit the erection of 
such buildings or the continuance therein of such noxious 
or injurious occupations whenever the public comfort or 
health may require it. For the purpose of this clause, such 
city is given jurisdiction for four (4) miles from the cor- 
porate limits thereof.” 


IOWA 

Nuisance Control. Section 657.1. “Whatever is injurious to 
health, indecent, or offensive to the senses, or an obstruction 
to the free use of property, so as essentially to interfere with 
comfortable enjoyment of life and property, is a nuisance 
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"Section 657.2.11: “The emission of dense smoke, noxious 
fumes, or fly ash in cities is a nuisance and cities may pro- 
vide the necessary rules for inspection, regulation and con- 
3 eee 

Municipal corporations have power to abate, restrict or 
prohibit any nuisance, public or private. Civil action may be 
brought to court to enjoin, abate and recover damages. 


KENTUCKY 
Air Pollution Control. Kentucky Acts 1952, Chapter 53. 
The Act relates to the control and suppression of air pollu- 
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tion. The Act empowers the creation of an air pollution 
control district in each county, to function when the fiscal 
court of the county declares a need for air pollution control 
and upon receiving evidence at public hearing that the “air 
within such county is so polluted with air contaminants as 
to be injurious to health, or an obstruction to the free use 
of property, or offensive to the senses of a considerable num- 
ber of persons, so as to interfere with the comfortable enjoy- 
ment of life and property.” 


MAINE 

Nuisance Control. Chapter 128, Section 7, amended. “The 
erection, continuance or use of any building or place for the 
exercise of a trade, employment or manufacture, which, by 
noxious exhalations, offensive smells or other annoyances 
becomes injurious and dangerous to the health, comfort or 
property of individuals, or of the public; causing or permit- 
ting abandoned wells or tin mining shafts to remain unfilled 
or uncovered to the injury or prejudice of others . . . are 
declared to be public nuisances.” 


MARYLAND 

Air Pollution. Article 43, Section 116. “The Governor is 
hereby authorized and directed to place in the budget 

an item for appropriating the sum of at least not to exceed 
One Hundred Thousand Dollars ($100,000.00) annually to 
the State Department of Health for the study and control of 
air pollution in Maryland .. .” 


MASSACHUSETTS 

Air Pollution Control. Chapter 140, Section 131D. Regu- 
lates emission of smoke by steam locomotives equal to No. 3 
of Ringelmann chart. Emission for periods exceeding that 
authorized is declared to be a nuisance. 

Section 132. Declares “the emission, except by locomotive 
engines or by brick or pottery kilns, into the open air of 
dark smoke or dense gray smoke for more than five minutes 
continuously, or the emission, except as aforesaid, of such 
smoke during ninety minutes of any continuous period of 
twelve hours, within a mile of a dwelling,” a nuisance in all 
towns (except Boston and vicinity), unless a permit is 
granted by aldermen of cities or selectmen of towns, to 
allow such emissions. (Enforced locally.) 


MINNESOTA 

Nuisance Control. Section 461.07. ““The council or other 
governing body of each city in this state, which now has or 
hereafter may have 20,000, and not more than 50,000, in- 
habitants, is hereby authorized and empowered to enact and 
publish, and to provide penalties for the violation of, ordi- 
nances to regulate, control, prohibit, and abate the issuance 
or emission of dense smoke in the city...” 

Section 461.09. “Any city of the third class in the state... 
is hereby authorized and empowered . . . to control, regulate, 
prevent, and prohibit the emission of dense smoke from the 
smoke stack of any locomotive, engine, stationary engine, or 
building within the limits of any such city, and to declare 
such emission of dense smoke to be a public nuisance, and 
to provide for the summary abatement thereof...” 

Section 145.17. “No person, without the written permis- 
sion of the board of health of the town, village, or city, shall 
engage therein in any trade or employment which is hurtful 
to the inhabitants, or dangerous to the public health, or in- 
jurious to neighboring property, or from which noisome 
odors arise...” 


NEW HAMPSHIRE 

1949 Laws, Chapter 325. “Section 1. A joint committee to 
consist of three members of the house and two members of 
the senate shall be appointed by the speaker of the house 
and by the president of the senate, respectively, and two 
members from the public shall be appointed by the governor 
to make a thorough and impartial investigation of the sub- 
ject of air pollution giving particular regard to the problems 
stated in the preamble of this act. 

“Section 2. Said committee shall have full power and 
authority to require from the several departments, boards 
and commissions of the state government, and from the 
officials of the towns and cities, such information, assistance 
and advice as may be necessary for the purposes of said 
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committee, and shall prepare a report of its findings and 
recommendations for legislation, if any, to the legislature of 
1951.” 


NEW JERSEY 
In 1954 a law was passed creating an Air Pollution Control 
Commission in the State Department of Health. 

The Commission will consist of 9 members, 3 of whom 
shall be the State Commissioner of Health, Commissioner of 
Labor and Industry, and the Secretary of Agriculture, or 
persons designated by the department heads. Of the other 
six members, one shall represent the general public, one 
shall represent the New Jersey Health Officers Association, 
New Jersey State Chamber of Commerce, New Jersey Society 
of Professional Engineers, Inc., New Jersey Manufacturers 
Association, New Jersey Section of the American Industrial 
Hygiene Association. 

The law gives the commission the power to formulate and 
promulgate, amend and repeal codes and rules and regula- 
tions controlling and prohibiting air rose throughout 
the State. The Department of Health shall control air pollu- 
tion in accordance with any code, rule or regulation promul- 
gated by the commission and for this purpose shall have 
power to — 

(a) Conduct and supervise research programs for the pur- 
pose of determining the causes, effects and hazards of air 
pollution; 

(b) Conduct and supervise State-wide programs of air 
pollution control education including the preparation and 
distribution of information relating to air pollution control. 

The law also requires registration of persons engaged in 
operations which may result in air pollution, and the filing 
of suitable reports. 

An important part of the law is the section which requires 
the commission to organize a county air pollution control 
association in each county. It is the duty of each of these 
county air pollution control associations to study air pollu- 
tion problems in their respective counties. 


NEW MEXICO 

Section 71-104, Activities of health department. “The State 
Department shall... (7) Abate nuisances endangering the 
public health.” 


NEW YORK 

Air Pollution. Laws 1952, Chapter 454. Authorizes and em- 
powers the Interstate Sanitation Commission to make a com- 
prehensive study of smoke and air pollution in the areas of 
New York and New Jersey, and of the problems caused 
thereby; a study of the sources and extent of such pollution, 
property damage caused thereby, its effect upon public 
health and comfort, and relevant meteorological, climato- 
logical, and topographical factors; and a study and evalua- 
tion of existing laws relating to smoke and air pollution, 
and drafts of proposed legislation to carry out recom- 
mendations. 


NORTH DAKOTA 

Nuisance Control. Revised Code of 1943, Section 42-0101. 
“A nuisance consists in unlawfully doing an act or omitting 
to perform a duty, which act or omission: 1. annoys, injures, 
or endangers the comfort, repose, health, or safety of others.” 


OKLAHOMA 
Section 4. Duties of board . . . “It shall be the duty of the 
State Board of Health . . . to take proceedings to have 


abated a nuisance, calculated to affect injuriously the health 
of the public or any community...” 


OREGON 
Air Pollution. Laws 1951, Chapter 425. Air Pollution Con- 
trol Act, “Section 1. This Act shall be deemed an exercise of 
the police power of the State of Oregon for the purpose of 
protecting the safety, welfare, peace and morals of the 
people of this state; to prevent the pollution of the air with 
impurities menacing the health and general welfare of the 
people of the State of Oregon; and to the end that the least 
ossible injury shall be done to human, plant and animal 
life and property, general legislation operating uniformly 
throughout the state is necessary and the provisions of this 
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Act shall be liberally construed for accomplishment of the: 
purposes... 

Section 5. The Authority hereby is authorized to: (| 
Develop a comprehensive program for the prevention an 
control of all sources of pollution of the air of the stat 
(2) Advise, consult and cooperate with other agencies ¢: 
the state, political subdivisions, industries, other states, th 
Federal Government and with affected groups, in furthe 
ance of the purpose of the Act. (3) Encourage and condu: 
studies, investigations and research relating to air pollutio 
and its causes, prevention, control and abatement, as it ma 
deem advisable and necessary: (4) Collect and disseminat 
information relating to air pollution, its prevention an 
control. (5) Promulgate rules and regulations. (6) Consid« 
complaints, make investigations and hold hearings. (7) R« 
quire any person to submit plans for the removal of ai 
contaminants. (8) Encourage voluntary cooperation by th: 
people, municipalities, counties, industries and others in 
restoring and preserving the purity of air within the stat: 
... (10) For the purpose of investigating conditions relatin; 
to air pollution, the members of the Authority, or its duly 
authorized representatives, shall have the power to enter at 
reasonable times upon any private or public property, ex- 
cept private dwellings. (11) Enforce compliance with th« 
laws of this state relating to pollution of the air. (12) Rep 
resent the State of Oregon in any and all matters pertaining 
to plans, procedures or negotiations for interstate compacts. 
in relation to control of air pollution. 


PENNSYLVANIA 

Pennsylvania Statutes Annotated, Title 71, Section 532. 
“The Department of Health shall have the power, and its 
duty shall be: . . . (c) To order nuisances, detrimental to 
the public health, or the causes of disease and mortality, to 
be abated and removed ...” 


RHODE ISLAND 
Air Pollution Control. Public Laws 1946, Chapter 1760. 
“An Act Authorizing Cities and Towns to Control Air Pol- 
lution. It i enacted by the General Assembly as follows: 
Section 1. For the purpose of promoting the general 
health, safety, morals or general welfare, the city council or 
any city and the town council of any town, and the repre 
sentative council of the city of Newport shall have power in 
accordance with the provisions of this act within the limits 
of such city or town to regulate by ordinance the pollution 
of air in such city or town.” 


SOUTH CAROLINA 

Air Pollution and Nuisance Control. Code of Laws 1952, 
Section 32-1851. “In counties which have cities of sixty-five 
thousand inhabitants or over it shall be unlawful for any 
manufacturer of acids or other distillations of a corrosive 
nature or of acrid odor, offensive or dangerous to human or 
plant life, to discharge into the air any fumes generated in 
the manufacture of such acids or other similar substances 
without first treating such fumes so as to render them innoc- 
uous, inoffensive and harmless to human or plant life. A 
violation of this section shall constitute a misdemeanor and 
shall be punished, upon conviction, in the discretion of the 
court.” Abatement by civil action. 


TENNESSEE 

Nuisance Control. Section 11168. “The erecting, continuing, 
or using any building or other place for the exercise of any 
trade, employment, or manufacture, which by occasioning 
noxious exhalations, offensive smells, or otherwise, become 
injurious and dangerous to the health of individuals or the 
public, is a nuisance, and may be abated accordingly.” 


TEXAS 

Nuisance Control. Penal Code, Article 695. “Whoever shall 
carry on any trade, business or occupation injurious to the 
health of those who reside in the vicinity, or suffer any sub- 
stance which has that effect to remain on premises in his 
possession, shall be fined not less than ten nor more than 
one hundred dollars.” 
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UTAH 
Section 76-43.3. Nuisance Control. “A public nuisance is a 
crime against the order and economy of the state, and con- 
sists in unlawfully doing any act, or omitting to perform any 
laty, which act or omission either: 

(1) Annoys, injures or endangers the comfort, repose, 

alth or safety of three or more persons . . . 

(4) In any way renders three or more persons insecure 
: life or the use of property.” 

Section 76-43-7. Authorizes the Governor to direct the 
Attorney General to institute action to abate nuisances as 
defined by the preceding section. 


- 


VIRGINIA 


Virginia Code of 1950, Section 32-12. Emergency rules. “The 
Board may make separate orders and rules to meet any 
emergency . . . for the purpose of suppressing nuisances 
dangerous to the public health and . . . other dangers to the 
public life and health.” 


WISCONSIN 


Air Pollution Control. Section 146.10. Smoke. “The council 
of any city or the board of any village may regulate or pro- 
hibit the emission of dense smoke into the open air within 
its limits and one mile therefrom.” 

Section 59.09. General powers of county boards. 
(27) in any county having 500,000 population or more ac- 
cording to the last United States or state census, regulate by 
ordinance within the territorial limits of such county the 
ejection, discharge, or emission into the open air of smoke, 
and solids, liquids, gases, fumes, acids, cinders, soot, par- 
ticulate wastes or dusts from any chimney, smokestack, vent, 
fuel-burning equipment, open fire, apparatus, device, mech- 
anism, substance, material or premise, prescribe the maxi- 
mum volatile matter content or other constituents of fuels 
used within the county in handfired or other fuel-burning 
equipment; prescribe fees for the examination of plans, in- 
spections, tests, issuance of permits, and certificates of oper- 
a prescribe rules and standards in aid of such regu- 
ations...’ 


WYOMING 

Wyoming Compiled Statutes 1945 Annotated, Section 63- 
149. “The Division of Administration . . . through the other 
employees of the division, shall have and exercise the follow- 
ing powers and duties ... (5) To abate nuisances when 
necessary for the protection of the public health.” 

The states not listed above also have laws which can be 
used to abate air pollution when it becomes a health hazard, 
however they are not presented because of their ambiguity 
in relation to air pollution. 


APPENDIX Il 
BILL ON AIR POLLUTION INTRODUCED IN 84TH 
Concress (2/24/55) 


H. R. 835 
To provide for intensified research into the causes, hazards, 


and effects of air pollution, and the methods for its preven- 
tion and control, and for other purposes — Introduced by 
Mr. Ray — Referred to the Committee on Interstate and 
Foreign Commerce. 


H. R. 2016 

To provide for income tax purposes a deduction with re- 
spect to the amortization of devices for the collection of 
atmospheric pollutants and contaminants — Introduced by 
Mr. Lipscomb — Referred to the Committee on Ways and 
Means. 


H. R. 2129 

To provide for intensified research into the causes, hazards, 
and the effects of air pollution and the methods for its pre- 
vention and control and for other purposes — Introduced by 
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Mr. Frelinghuysen — Referred to Committee on Interstate 
and Foreign Commerce. 

H. R. 2888 : 

To provide for intensified research into the causes, hazards, 
and effects of air pollution and the methods for its preven- 
tion and control and for other purposes — Introduced by 
Mr. Williams — Referred to Committee on Interstate and 
Foreign Commerce. 

H. R. 3547 

To encourage the prevention of air and water pollution by 
allowing the cost of treatment works for the abatement of 
air and stream pollution to be amortized at an accelerated 
rate for income tax purposes — Introduced by Mr. Byrnes — 
Referred to the Committee on Ways and Means. 

H. R. 3548 

To encourage the prevention of air and water pollution by 
allowing the cost of treatment works for the abatement of 
air and stream pollution to be amortized at an accelerated 
rate for income tax purposes — Introduced by Mr. Abbitt — 
Referred to the Committee on Ways and Means. 

H. R. 3549 

To encourage the prevention of air and water pollution by 
allowing the cost of treatment works for the abatement of 
air and stream pollution to be amortized at an accelerated 
rate for income tax purposes — Introduced by Mr. Bentley — 
Referred to the Committee on Ways and Means. 

H. R. 3550 

To encourage the prevention of air and water pollution by 
allowing the cost of treatment works for the abatement of 
air and stream pollution to be amortized at an accelerated 
rate for income tax purposes — Introduced by Mr. Ford — 
Referred to the Committee on Ways and Means. 

H. R. 3551 

To encourage the prevention of air and water pollution by 
allowing the cost of treatment works for the abatement of 
air and stream pollution to be amortized at an accelerated 
rate for income tax purposes — Introduced by Mr. Hinshaw 
— Referred to the Committee on Ways and Means. 

H. R. 3552 

To encourage the prevention of air and water pollution by 
allowing the cost of treatment works for the abatement of 
air and stream pollution to be amortized at an accelerated 
rate for income tax purposes — Introduced by Mr. Jackson — 
Referred to the Committee on Ways and Means. 

H. R. 3553 

To encourage the prevention of air and water pollution by 
allowing the cost of treatment works for the abatement of 
air and stream pollution to be amortized at an accelerated 
rate for income tax purposes — Introduced by Mr. Lipscomb 
— Referred to the Committee on Ways and Means. 

H. R. 3554 

To encourage the prevention of air and water pollution by 
allowing the cost of treatment works for the abatement of 
air and stream pollution to be amortized at an accelerated 
rate for income tax purposes — Introduced by Mr. Pillion — 
Referred to the Committee on Ways and Means. 

H. R. 3555 

To encourage the prevention of air and water pollution by 
allowing the cost of treatment works for the abatement of 
air and stream pollution to be amortized at an accelerated 
rate for income tax purposes — Introduced by Mr. Ray — 
Referred to the Committee on Ways and Means. 

H. R. 3556 

To encourage the prevention’ of air and water pollution by 
allowing the cost of treatment works for abatement of air 
and stream pollution to be amortized at an accelerated rate 
for income tax purposes—Inroduced by Mr. Simpson — 
Referred to Committee on Ways and Means. 

H. R. 3662 

To encourage the prevention of air and water pollution by 
allowing the cost of treatment works for the abatement of 
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air and stream pollution to be amortized at an accelerated 
rate for income tax purposes — Introduced by Mr. Dondero 
— Referred to the Committee on Ways and Means. 

H. R. 3680 

To provide for intensified research into the causes, hazards, 
and effects of air pollution, and the methods for its preven- 
tion and control, and for other purposes — Introduced by 
Mr. McDonough — Referred to the Committee on Interstate 
and Foreign Commerce. 

H. R. 3778 

To amend the Internal Revenue Code of 1954 so as to per- 
mit the accelerated amortization of certain devices and 
equipment for the collection at the source of atmospheric 
pollutants and contaminants — Introduced by Mr. Hiestand 
— Referred to the Committee on Ways and Means. 

H. R. 3901 

To authorize the Housing and Home Finance Administrator 
to aid business enterprises in financing improvements to 
reduce smoke, air pollution, and contamination — Intro- 
duced by Mr. Hiestand — Referred to the Committee on 
Banking and Currency. 

H. R. 3906 

To encourage the prevention of air and water pollution by 
allowing the cost of treatment works for the abatement of 
air and stream pollution to be amortized at an accelerated 
rate for income tax purposes — Introduced by Mr. Laird — 
Referred to the Committee on Ways and Means. 


AIR POLLUTION AND THE Founpry INbDuUsTR 


H. R. 116 

Creating a select committee to conduct an investigation an 
study of air pollution in the United States — Introduced b 
Mr. Dollinger — Referred to the Committee on Rules. 

S. 917 

To encourage the prevention of air and water pollution b 
allowing the cost of treatment works for the abatement 
air and stream pollution to be amortized at an accelerate: 
rate for income tax purposes — Introduced by Mr. Martin 
Referred to the Committee on Finance. 

S. 928 

To amend the Water Pollution Control Act in order to pro 
vide for the control of air pollution — Introduced by Mi 
Kuchel — Referred to the Committee on Public Works. 
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PRESSURE MOLDING INFLUENCES 
ON PATTERN AND RIGGING 


By 


T. E. Barlow and W. J. Burke* 


“Pressure molding” has become an indefinite ex- 
pression because of its development in a variety of 
applications. Originally, the process consisted of the 
combination of an unusually flowable sand molded 
with abnormally high squeeze pressures to develop 
improved finish and dimensional tolerance on green- 
sand castings. This process has developed commer- 
cially and experimentally and is an accepted and 
rapidly spreading method for producing “precision” 
or semi-precision castings. 

The pressure molding concept led to the rapid de- 
velopment of another and related process, “diaform 
molding.” The two processes are frequently confused 
with each other. In fact, it becomes impossible to dis- 
cuss one without the other. However, there are dis- 
tinct differences between the two which affect our 
conceptions of patterns and equipment. These dif- 
ferences must be defined in order to withdraw some 
of the confusion which has already arisen. 

One principal difference between these two re- 
lated molding techniques is that “pressure molding” 
is new but diaphragm molding machines are very old. 
In fact, the first mention of diaphragm molding 
probably predates the invention of any modern mold- 
ing machine. Enlargement on this principal differ- 
ence may explain the tie between the two processes 
as well as the fundamental differences. 


Sand Technology in High Pressure Molding 

“High pressure molding,” in the original sense, in- 
volved sand technology. This factor continues. It is 
the modern conception of the sand properties which 
makes this a new process. Highly developed and mod- 
ern sand additives especially designed for high pres- 
sure squeeze are new. Furthermore, they largely ac- 
count for the precision and finish developed in the 
process. 

Since this discussion is on equipment and patterns, 
we can dismiss the sand phase with two thoughts: 1) 
High pressure sand is especially treated to develop a 
combination of high strength, low moisture and high 
flowability in an unusually fine sand. 2) High pres- 
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sure sand is capable of maximum finish and dimen- 
sional control in any type of molding equipment 
capable of molding pressure ranging from 80 to 600 
psi as well as developing unusual finish and tolerance 
with ordinary molding methods. The ability to do 
either is important to the process because, in com- 
mercial operation, it is desirable to produce a wide 
range of work from the same sand system in order to 
eliminate the necessity for handling a special or extra 
sand system for the “precision” castings. 

In developing “high pressure molding,” the de- 
sirability of using diaphragm molding equipment to 
obtain the desired pressure was soon apparent. The 
use of a rubber diaphragm was a simple solution to 
obtaining 100 psi pressure over a wide variety of 
flask sizes. It had the added advantage of directional 
squeeze or “contouring” which was found to increase 
the efficiency of squeeze. In many cases, 100 psi pres- 
sure with a diaphragm was found to be equivalent to 
300 psi or more pressure applied to a flat squeeze 
board. As a result, there has been a re-awakening of a 
molding method which has lain dormant in the an- 
nals of the Foundry Industry for nearly 100 years. 


Development of Diaform Molding 


There have been a number of changes in the dia- 
phragm molding equipment and in the original con- 
cept which make it commercial today although the 
process was not successful 100 years ago. One descrip- 
tion of the early method states, ““This method of mold- 
ing was ingenious but the diaphragm invariably 
burst.” The equipment today does not have that 
problem because of a newly invented and recently 
patented method of handling and designing the dia- 
phragm to permit normal or even reduced main- 
tenance costs. The principal change lies in the ability 
of the new diaphragm to “conform” to the pattern 
contour instead of stretching. Hence, the expression 
“diaform” molding. Developments in rubber and 
plastic quality in the last hundred years has also con- 
tributed to the present diaphragm life of approxi- 
mately 10,000 to 60,000 molds per head. Vulcanizing 
further extends the available life. 

Since this is a pattern discussion, we can now dis- 
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miss the diaform molding machine with two thoughts: 
1) Diaform molding utilizes high pressure molding 
sand to its maximum advantage for precision, semi- 
precision or “super-finish” castings. 2) Diaform mold- 
ing can develop improved finish and tolerance with 
any existing molding sand or with minor modifica- 
tions of such sand. 


batterns Used in High Pressure Molding 


The geason for the above rather lengthy introduc- 
tion is because in the design of patterns, flasks and 
related equipment, we must know to which process 
we are referring. There has been some confusion and 
misunderstanding on this point. For example, there 
are installations of diaform molding in which no 
changes in equipment or pattern have been made 
while in some cases of pressure molding, completely 
new patterns and flasks have been required. This led 
some people to purchase molding equipment without 
considering the cost of flasks they will need. In other 
cases, foundries have held off on the molding equip- 
ment for fear of high flask and pattern costs when, in 
their particular case, no special patterns or flasks 
would be required. 

The actual pattern phase of this problem can be 
covered rather briefly. To start with, all work is now 
being done on cope and drag equipment. The speed 
of the molding machine with cope and drag equip- 
ment makes match-plate work uneconomical. The 
short molding cycle of four to five seconds makes the 
waste motion and manual handling of a matchplate 
inefficient. Only cope and drag patterns can keep the 
machine operating at maximum speed and therefore, 
maximum efficiency. Secondly, matchplate work is 
not advisable for precision castings because of the 
normal flexing of the plate under high pressures. 
Therefore, for high pressure molding or diaform 
molding, cope and drag patterns are recommended. 

Pattern construction is quite normal particularly 
if the patternmaker will eliminate from his thinking, 
any phase of pattern construction which is related 
to a jolting or erosive method of molding. Since there 
is no jolting and practically no sand abrasion, the 
patternmaker should allow his imagination to ex- 
plore the possibility of lighter structures and faster 
pattern handling. Just think of the possibilities in- 
volved by the elimination of heavy reinforcing of 
the pattern plate or stool. Then consider methods of 
fastening the plates to the machine when no vibra- 
tion need be allowed for. Immediately, you conceive 
of a pattern which is light and portable. It has no 
ribs or bars but rather is a thin flat plate with the 
pattern mounted by any accurate technique regard- 
less of strength or weakness. The plate is fastened 
to the stool or machine with quick acting clamps 
or toggles or even with small permanent or electric 
magnets combined with locating pins. By proper de- 
sign, the patternmaker can send to the foundry, pat- 
terns which can be changed in seconds. The savings 
in a jobbing foundry can be great from this one 
feature alone. 


Pattern Construction 
The above thoughts should be applied equally to 
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pattern materials. Ingenious methods of producing: 
rigid patterns of wood, metal or plastic can all te 
used to advantage. Wear on the pattern is at an 
absolute minimum while resistance to impact or v'- 
bration need not even be considered. The patteri:s 
must resist bending or distortion under pressure but 
that is a factor only if you are dealing with holloy 
wooden patterns. Among the interesting possibilities 
are: 1) Vertical lamination build-ups of plywood. 
2) Metal spraying of wooden patterns. 3) Plastic;. 
The established patterns of iron, aluminum and other 
metals are obviously as good as ever, but new pat- 
tern construction should seriously consider light 
weight patterns for rapid pattern changes, especially 
in jobbing shops. 

Since pressure molding can use wooden patterns, 
we should also consider this process as a potentia! 
patternmaker’s tool. It is conceivable to high pres- 
sure molds from a wooden master and produce cast 
iron patterns for long run production foundries ai 
a low cost because such patterns could be used with 
minor finishing or in the as-cast condition. Such in- 
expensive duplicate patterns would be sufficiently 
accurate for ordinary molding methods if proper 
high pressure sand was used in their original manu- 
facture. 


Problem in Patternmaking 


The principal problem in patternmaking for this 
process is accuracy equal to the desire for precision 
in the finished casting. For example, the increased 
mold hardness of diaform molding and the increased 
sand flowability in high pressure molding shows up 
every imperfection and backdraft on the pattern. 

These backdrafts occur three ways: 1) There is 
the backdraft which occurs in the original produc- 
tion of the pattern. Slight inaccuracies on shallow 
draft walls which might not show up in ordinary 
molding or with gummy sand, will produce roughen- 
ing of the mold with more accurate pattern reproduc- 
tion. 2) There is the abuse of patterns already in 
use. Nicks, scratches, gouges and other marks create 
local backdrafts which can show up when flowable 
sand or high pressure or both are involved. 3) We 
frequently observe fine cracks or backdrafts at the 
mounting line or between the character and the 
plate. For example, a half cylinder such as the cope 
or drag of a pipe mold looks about as simple as a 
pattern can be but a slight error at the plate will 
create enough backdraft to tear up the edge of the 
mold under conditions of hard ram. This condition 
forces the use of fillets or deliberate soft ramming 
unless the patterns are perfect and are kept in per- 
fect condition. 


Flask Equipment in High Pressure Molding 


The allied phases of pattern equipment come in 
for more discussion than the patterns themselves. 
Again, we must consider the requirements of both 
high pressure molding and diaform molding, making 
sure not to confuse the two except where they co- 
incide. High pressure molding implies precision. 
There can be no precision without precise pins, bush- 
ings and rigid flasks. Peculiarly enough, however, 
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machined faces of flasks are a minor consideration 
because in each case, sand-to-sand contact is better 
than true flask-to-flask contact. Many of us think of 
fully machined flasks when precision is mentioned 
but the real problem is pin alignment and mainte- 
nance. Sloppy pins and bushings can not be toler- 
ated in high pressure molding because of precision. 
Such slop is permissible in diaform molding, how- 
ever, if the final product can permit minor shifts 
or if flat backs are involved. Fortunately, pin align- 
ment can be maintained as far as the machine is 
concerned because there is no jolt. However, a pre- 
cision Operation would have to consider flask abuse 
at the shakeout. 

Before getting into actual flask construction, we 
should consider the flask size requirements. This 
same problem exists in placing multiple patterns on 
a single plate because it is one of permissible dis- 
tances between patterns or between flask and _ pat- 
iern. Again, we must differentiate between precision 
and non-precision requirements. To paint a true pic- 
ture, we would even have to consider the factor of 
sand flowability. The sand properties are directly 
related to permissible distances between patterns. 
Some sands will bridge quickly on short spans and 
others will flow in surprisingly narrow spaces. 


Mold Hardness in High Pressure Molding 


In precision castings, we require the ultimate in 
mold hardness and mold density. Therefore, the pat- 
terns should be placed so as to permit free flow of 
the diaphragm around the pattern without restric- 
tion. Adequate bearing surface is essential to pre- 
vent shifts, crushes and other defects and to insure 
minimum parting line fins. Accurately handled, this 
process permits equal accuracy in all directions, in- 
cluding across the parting line. Although precision 
work required proper pattern placement, it is aided 
materially because the high pressure sand is delib- 
erately designed for maximum flowability and mini- 
mum bridging under these conditions. The two fac- 
tors balance each other to the extent that only good 
pattern practice is needed. No unusual requirements 
need be met, but improper or faulty pattern place- 
ment is strictly eliminated. There can be no “cutting 
of corners” if true precision requirements are to 
be met. 

In diaform molding, the pattern placement de- 
pends upon what the foundryman (and his cus- 
tomer) will accept. In general, the diaform machine 
will mold the same pattern and in the same flask 
size as any other machine. However, if patterns are 
too close together or if the pattern is too close to 
the flask, the diaphragm process will not eliminate 
the soft spot which exists because of that defect of 
rigging. 

In some castings, such as small fittings, it is pos- 
sible to mount more patterns per plate than in con- 
ventional equipment by virtue of the contour action 
and the higher squeeze pressure but in general, the 
patternmaker should conform to good known rela- 
tionships between pattern and flask. This point is 
stressed because it is relatively common for foundry- 
men to crowd too much pattern into a given flask 
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size. He knows he can “get by” but he must also 
accept the fact that diaform molding under these 
conditions cannot correct a situation caused by known 
malpractice. 


Design of Flasks for High Pressure Molding 


Flask design is almost a separate subject but is 
basic to the process and is related directly to the 
pattern practice. There are two principal points to 
consider. First, the higher squeeze pressures tend to 
increase flask distortion and secondly, the process 
operates with a partially emptied flask. It is not 
easy to completely separate the two problems for 
discussion purposes because they frequently affect 
each other. Sometimes both problems exist but when 
under other circumstances neither problem need be 
considered. 

In all squeeze operations, there is some distortion 
of the flask during molding. The side walls move 
outward when pressure is applied and then return 
to their original position (or try to) after the pres- 
sure is released. This phenomena is usually referred 
to as “breathing.” The importance of “breathing” 
depends upon the job being made. Even ir ordinary 
methods of molding, this distortion or breathing can 
be a problem. Frequently, however, it is not recog- 
nized as being the source of trouble. There are 
many mysterious epidemics of cracked drags, cope- 
drops and runouts which are actually a result of 
flask distortion resulting in cracks or breaks in the 
mold. These may be frequently cured by further 
toughening of the sand, but the basic cause is the 
equipment. 

With the higher pressures, “breathing” may be 
accentuated and become quite troublesome unless a 
change is made in the flask design or in the barring. 
In “high pressure” molding such breathing should 
never be permitted. Distortion of the flask walls 
wastes part of the pressure which should go into 
compacting the sand. Furthermore, such a distortion 
is a variable and will detract from maximum ac- 
curacy. In diaform molding, where accuracy is not 
so important, “breathing” is permissible unless it ac- 
tually creates an imperfect mold as described above. 
Multiple small patterns (which give the effect of 
many narrow pockets), deep pockets and similar 
shapes must be made by taking into consideration 
the possibility of such distortion causing a cracked 
mold. A cracked mold may even be misconstrued 
since the result may be a fin, a drop, a rat, a stick- 
down or a penetration area. Such defects could be 
mistakenly charged against some other function such 
as sand or pattern. The same distortion, by causing 
a cracked drag might account for a drag runout or 
a floating core. 

To eliminate breathing problems, diaform mold- 
ing should be done with heavy duty flasks. In larger 
sizes, these flasks should be barred in one or two 
locations for added rigidity. For unusual pocket- 
draws where there is a danger of drops, a specially 
designed flask of light weight but maximum rigidity 
should be used. 

Flask depth depends upon the requirement of the 
job. There are a number of factors involved and 
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any one or all such factors should be present at one 
time. In the first place, flask depth is related to 
flask rigidity. Lack of rigidity in the flask is partially 
offset by added depth. Such added depth by itself 
imparts rigidity but even more important is the dis- 
persement or dissipation of movement over a longer 
span. With a diaphragm action, the greatest distor- 
tion takes place at the top of the flask, farthest from 
the pattern. In a shallow flask, this distortion is 
carried all the way to the pattern. In a deeper flask, 
the distortion decreases toward the bottom of the 
flask and may be insignificant and harmless at the 
pattern face. 

Aside from the distortion feature, flask depth may 
be important for metal pressure and adequate feed- 
ing. The diaform molding partially empties the flask 
by compressing the sand toward the pattern. Unless 
this is compensated for by additional flask height, 
or a removable upset, a shallow cope could result. 
Whether such a shallow cope is detrimental or not 
depends upon the pattern and the feeding require- 
ments of the casting. The same situation could occur 
in the drag if the finished sand depth is insufficient 
to hold the weight of the castings or the cores being 
set. We should be particularly careful when the total 
weight of a heavy core is concentrated on a small 
print surface. Such a condition may lead to a runout 
even though an equally heavy casting with no core 
would give no trouble. 

The final consideration on flask depth stems from 
the need to pick up deep pockets. Problems along 
that line are most likely to be related to flask rigidity 
but may be a matter of sand depth. It requires a 
certain minimum depth of sand to maintain a sand 
“bridge” of sufficient strength to pick up a given 
pocket. The actual depth, of course, depends upon 
the weight and relative size of the pocket. We some- 
times must increase the flask height to compensate 
for the “‘squeeze-down” of the diaphragm and main- 
tain the required sand depth over the pocket. In this 
respect, small multiple patterns have to be treated 
as deep pockets because the space between patterns 
is a pocket as far as the mold is concerned. Exces- 
sive crowding of such patterns may increase the need 
for flask depth to provide an adequate “‘sand bridge” 
to pick up the relatively large pocket area and un- 
usually small bearing surface. 
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When normal flasks are of insufficient height ‘or 
any of the reasons above, they may be corrected »y 
permanent extensions of proper design or temypo- 
rary upsets. The upsets are usually of a chan: el 
section and sufficiently heavy to withstand the o:t- 
ward push of the diaphragm. They are of sufficic xt 
depth to include all of the compressed or partia.'y 
empty section of the mold. With a temporary ups. <, 
the additional height can then be removed with a 
strike-off and the mold has a normal appearan 
This technique is always used if bottom boards ave 
desired. It may also be convenient if weight settinz 
rather than mold clamping is customary in any par- 
ticular operation. 

When molds are made in removable flasks and 
poured with slip-on jackets, a removable upset is 
necessary. These molds, by virtue of the flask de- 
sign, must be placed on bottom boards and poured 
using weights rather than clamps. In this case, the 
removable upset, needed to obtain a flat cope or 
drag, is designed to withstand all of the strain and 
pressure of the diaphragm. As a result, no change 
is needed in the removable flask itself provided it is 
a heavy duty type in good condition. Flimsy flasks 
of any design are never recommended for such hard 
ramming as we expect from either high pressure or 
diaform molding. 

Where high pressure molding is used for precision 
castings there should be no compromise on flask de- 
sign. It is important that all of the energy developed 
by the machine go into compressing the sand and 
making a dense mold. Rigid tight flasks are desired 
with sufficient depth to permit handling without 
bottom boards. Clamping is preferred during pour- 
ing in order to maintain dimensions across the part- 
ing line. Weight setting is, of course, permissible but 
care must be taken to provide enough weight if this 
technique is used. 


Conclusion 


In conclusion, it is apparent that the requirements 
for flasks, patterns and rigging are normal and fol- 
low common sense. However, the degree to which 
perfection in a casting is obtained depends upon the 
extent to which the foundryman compromises or 
shortcuts established principles of good practice and 
pattern technique. 
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APPLICATION OF REFRACTORIES IN THE FOUNDRY 


By 


F. H. Fanning* 


The foundry industry is one of the important con- 
sumers of refractories and it seems to develop applica- 
tions as rapidly as new refractory materials become 
commercially available. It is worthwhile therefore, for 
the foundryman to understand the applications of 
these materials. Some knowledge of the processes used 
by the manufacturer to make the finished product 
will help him select the correct material for these 
applications. This discussion will be limited to the 
products most commonly used in the foundry, namely; 
high duty and super-duty fireclay and high-alumina 
brick. 


High Duty and Super-Duty Fireclay Brick 

The four principal methods of manufacturing stand- 
ard brick sizes and special shapes are: 1. Power press 
process, 2. Extruded process, 3. Air-rammed process, 
and 4. Hand-molded process. 

Power Press Process. The power press is the means 
by which the refractory industry has been able to meet 
the ever increasing demands for refractories that can 
withstand more severe service conditions. Careful con- 
trol is exercised over the selection, grinding and sizing 
of the clays used. A large variety of crude clay, calcined 
grog, fused alumina and other products are adaptable 
to the power press process. 

The clay mix is fed automatically into the press box 
where it is pressed, released and pushed out to where 
it is accessible for direct setting on the kiln car. Stand- 
ard sizes and special shapes of relatively simple design 
are produced in this manner. Sometimes more intri- 
cate special shapes are power pressed, but the machine 
must usually be stopped to permit manual removal 
of the shape. The daily production of such intricate 
shapes is lower, therefore, than for standard sizes. This 
explains one of the reasons why power pressed stand- 
ard sizes are usually available for shipment from stock 
or, in the case of shortages, can be made available for 
shipment in two or three weeks from receipt of in- 
structions to manufacture. 

There is a limitation to the size of a special shape 
that can be power pressed. At present most power 
presses can produce a brick having a 41% in. thickness, 
and there are a few that can successfully make brick 
6 in. thick. The maximum length and width dimen- 
sions will be governed by the size of the press box 
that can be fitted into the press. One large size regularly 





* Harbison-Walker Refractories Co., Pittsburgh, Pa. 
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produced in quantity on the power press is the blast 
furnace bottom block which measures 18 x 9 x 41/4 in. 

Power pressed brick have excellent dimensional uni- 
formity, freedom from warpage, good strength and, 
generally speaking, the most desirable overall physical 
properties. Density and porosity may equal those of 
extruded brick when made on a press equipped to 
evacuate the air trapped in the brick mix. A press so 
equipped is called a vacuum power press. 

With the power press it has been possible to use 
mixes with coarser particle size which helps to in- 
crease the spalling resistance of high-duty fireclay brick. 
This has been particularly true of super-duty brick. 
A power pressed brick with good density and low 
porosity will resist chemical attack equally as well as 
the extruded brick. It has good mechanical strength 
both hot or cold, and freedom from forming defects, 
such as laminations. 

Extruded Process. This process produces standard 
sizes and special shapes from a clay column which is 
extruded through a die on the mouthpiece of an extru- 
sion machine. The die may produce the shape in 
finished form except for cutting off to proper length 
or in the form of a blank suitable for repressing. ‘The 
blank is then changed to the finished shape in a die 
mounted in a hand or power operated press or in a 
hand mold. Vacuum equipment is usually installed on 
the auger machine to eliminate air entrapment during 
the extrusion process. The shapes thus produced are 
tough, strong and exceptionally dense. 

The structure of the extruded brick is not as homo- 
geneous as that of the power pressed brick. and the 
brick usually have higher drying and firing shrinkage; 
consequently they do not have as great dimensional 
uniformity. 

The extruded brick usually has low permeability 
and good resistance to penetration by molten slags, 
metals and various fluxes. The spalling resistance is 
lower than that of power pressed brick, but the ex- 
truded brick have excellent mechanical strength both 
hot and cold. 

Air Rammed Process. In some applications for spe- 
cial shapes, it is desirable to have the properties of a 
power pressed shape, but due to the intricate design or 
large size of the brick, it cannot be readily made on the 
power press. Under such conditions the air rammed 
process may be used. 

Some typical shapes that may be air rammed are: 
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malleable tap-out blocks, high-alumina skewbacks and 
center section shapes for electric furnace roofs, spe- 
cial shapes for indirect arc electric furnaces, and 
high-alumina tubes for calcium carbide injection 
systems. 

Air rammed shapes are produced in steel lined 
molds using carefully sized calcined grog and plastic 
clay and pneumatic rammers. The daily production 
of this process is appreciably smaller than that of 
the power press process. It is evident, therefore, that 
delivery schedules for air rammed shapes will be more 
extended than for power pressed or extruded and 
repressed shapes. 

The air rammed shape has physical properties com- 
parable to those of the power pressed shape, and it 
also has good dimensional uniformity and the mini- 
mum of warpage. 

Hand Molded Process. When special shapes are too 
large or too intricate for manufacture by other meth- 
ods, or when the quantities ordered are too small to 
justify the expense of making the molds or dies used 
in the other processes, the hand molded process is 
employed. 

Hand molding of shapes is an art requiring crafts- 
men possessing great skill which is acquired only 
through years of experience. 

Hand molded shapes usually possess good spalling 
resistance and equal refractoriness as compared with 
the other processes. They are generally more perme- 
able than the air rammed shapes and therefore not 
quite as resistant to impregnation by destructive fluxes. 
The density, porosity and mechanical strength, both 
hot and cold, are good. When an extruded blank is 
hand molded, the physical properties (except for re- 
fractoriness) are improved. 


High-Alumina Brick 


The discussion up to this point has applied prin- 
cipally to high duty and super-duty fireclay brick. 
High-alumina brick cannot be readily manufactured 
by all four processes. The hand molding process is 
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used with a few classes, but the extruded process is 
rarely used. The principal methods of manufactu 
are the power press and the air rammed processes. 
The refractoriness of high-alumina brick depen 
on alumina content, and is highest for those of highe 
alumina content. Refractoriness of fireclay and hig!- 
alumina brick can be expressed in pyrometric cone 


equivalents (PCE) as follows: 





Temperature Equivalen: 
“FF. 





Kind of Refractory PCE 

High Duty Fireclay 31-32 to 33 3074 to 3173 
Super-Duty Fireclay 33 to 34 3173 to 3200 
50% Alumina Class 34 to 35 3200 to 3245 
60% Alumina Class 35 to 37 3245 to 3308 
70% Alumina Class 36 to 38 3290 to 3335 
80%, Alumina Class 38 to 39 3335 to 3389 
90% Alumina Class 39 to 40 3389 to 3425 
99%, Alumina Class 41 to 42 3620 





While the physical properties of alumina-silica re- 
fractories, as produced by the four processes, will vary 
over a considerable range, the following table outlines 
in rather general terms the relation between these 
properties and the processes used to manufacture the 
refractories. 

There are applications in the foundry for brick 
made by all four processes of manufacture, but us- 
ually some one of the four types will be found more 
suitable for any particular application. 

High Duty and Super-Duty Fireclay Brick—Power 
Pressed and Vacuum Power Pressed. The malleable 
iron foundryman is well aware of the advantage of 
power pressed brick in bungs. This is an excellent 
example of an application in which the brick must be 
resistant to spalling, and of even more importance, they 
must be substantially free from warpage to minimize 
cracking when the bung frame is tightened. Refrac- 
toriness, dimensional uniformity and spalling resist- 
ance are the properties of importance, and power 
pressed brick meet the requirements. 

Dimensional uniformity has been one of the rea- 


TABLE OF PHYSICAL PROPERTIES OF ALUMINA-SILICA REFRACTORIES 














Power Pressed Power Pressed Power Pressed 
Shapes Handmade Extruded or or or 
3 ers, A Air Rammed Air Rammed Air Rammed 
High Duty = 
Class All and High Duty Super Duty High-Alumina 
Super Duty 
P.C.E. oper 31-32 31-32 
to 34 to 33 33 to 34 Over 34 

Density, Ib/cu ft Fair to Good Excellent Good to Good to 

Excellent Excellent Excellent 

Intermediate Intermediate Intermediate Intermediate 
Porosity to Low to to to 
High Low Low High 

Modulus of Rupture Fair Excellent Good to Good to 

Excellent Excellent Excellent 
Resistance to Subsidence 
Under Load at Fair Fair to Fair to Good to 
High Temperature Good Fair Good Very Good 
Spalling Resistance Good Fair Good Very Good Excellent 
Resistance to Fair Good Fair Good to Good to 
Chemical Attack Very Good Very Good 











}. H. FANNING 


sons for the popularity of power pressed brick in the 
s de walls and bottoms of a number of malleable fur- 
naces. Uniform width and negligible warpage make it 
possible to install a tight malleable bottom with 
extremely thin joints, thus minimizing the danger of 
nietal penetration. 

With the introduction of vacuum power pressing, 
it became possible to produce power pressed cupola 
blocks with physical properties closely corresponding 
to those of the extruded cupola blocks. In addition, 
they also offer the supplemental advantages of closer 
dimensional tolerance and increased spalling resist- 
ance. This block is fully accepted by the industry. 

The electric furnace is a large user of power pressed 
refractories. Some electric furnace roofs are built with 
all power pressed standard or semi-standard shapes 
with plastic or castable sometimes used in the center 
sections. The entire side walls and brick bottoms are 
largely power pressed standard sizes of brick. Even 
some door jamb brick are now machine made; and 
the special door arch shapes formerly employed have 
been almost entirely replaced by standard power 
pressed arch brick. 

Power pressed super-duty standard sizes are used to 
line large iron and steel ladles. Since the brick are 
very refractory, they do not expand like the usual 
ladle type brick when heated. The joints must, there- 
fore, be minimized and each ring of brick must be 
keyed in tightly to obtain a satisfactory lining. Power 
pressed brick are used almost exclusively for this pur- 
pose, because of their dimensional uniformity and free- 
dom from warpage. 

High-Alumina Brick—Power Pressed and Vacuum 
Power Pressed. Power pressed high-alumina brick have 
been more widely investigated than air rammed or 
handmade standard sizes or special shapes. The use 
of standard sizes eliminates mold cost which is some- 
times a major stumbling block to the testing of high- 
alumina brick. The optimum properties of these classes 
of refractories are gained when they are power pressed. 

Some typical applications in the malleable furnace 
are the construction of the bridge wall, the front wall, 
particularly around the burner port, the sill and door 
jambs at the skimmer door, along the slag line of 
the side walls and in complete bottoms. 

In the iron foundry, the slag dam on the front slag- 
ging cupola has been built and successfully operated 
with high-alumina power pressed standard sizes. Sec- 
tions of desulfurizing fore-hearths and ladles have 
been lined to eliminate constant maintenance. Vari- 
ous sections of preheat and enameling ovens are built 
with different classes of high-alumina brick to insure 
years of trouble-free service. 

In the steel foundry, electric furnace roofs have been 
completely built with power pressed sizes or a combi- 
nation of high-alumina standard brick and high-alu- 
mina ramming mixes for center sections. The satis- 
factory lining life obtained from these roofs is evident 
from the growing interest foundrymen are display- 
ing in this development. 

High Duty and Super-Duty Fireclay Brick—Ex- 
truded. The air furnace in the malleable foundry uses 
large quantities of extruded standard sizes in the side 
walls and bottoms. Since extruded brick are dense, 
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tough and low in porosity, they resist erosion from 
metal wash, corrosion from slags and (in the cold 
charge furnace) abrasion from impact during the 
charging process. 

Another important application for extruded brick 
is in gate and runner tile. The plain-end shapes are 
extruded through a die and wire-cut for length. Shapes 
with male and female ends are formed in the die and 
finished on a press which spin-contours the ends to 
the finished dimensions. The shape resists erosion 
from the metal poured through it into the mold, thus 
preventing inclusions in the casting. The use of ex- 
truded refractory gating systems permits much faster 
pouring velocities than with sand gating systems. 

Gate, runner and sleeve tile are excellent examples 
of shapes readily adaptable to manufacture by the 
extruded process because of design. There are appli- 
cations for extruded brick, however, where specific 
properties are desired. Ladle brick are in the main 
produced in this manner, and a large number of 
cupola blocks are made this way, because of service 
conditions and/or customer preference. 

High Duty and Super-Duty Fireclay Brick—Hand 
Molded and Air Rammed. In many heating and melt- 
ing furnaces, large handmade rectangular tile are used 
in lintels, door sills and flue openings. Large door arch 
and jamb shapes as well as burner blocks and tap-out 
blocks are handmade. The non-ferrous foundry uses 
large special handmade shapes in the conical ends of 
the rotary furnace to reduce installation costs. 

Perhaps the largest application for handmade shapes 
in the foundry, however, is in electric furnace roofs, 
particularly in shops too small to maintain a staff 
of brick masons. The present trend is to restrict their 
use to the center section where the cutting and fitting 
of standard sizes is costly and time-consuming. Stand- 
ard sizes are well adapted for the annular ring courses. 
The skewback is usually handmade, but the develop- 
ment of the water-cooled skew plate has eliminated 
the necessity for a handmade special shape in some 
furnaces. 

In the cupola the tapout and slag hole blocks are 
largely produced by hand from auger machine blanks. 
Some foundries still use handmade cupola blocks, but 
machine made blocks have largely supplanted them. 

High-Alumina Brick — Hand Molded or Air 
Rammed. Applications of hand molded or air rammed 
high-alumina brick in the foundry have been very 
limited. The higher costs of these materials plus the 
reluctance of operators to experiment with them has 
prevented their full exploitation. 

Malleable tapout blocks have been produced in air 
rammed high-alumina shapes and in limited trials 
they have been performing very well. 

Among the most satisfactory applications for hand 
molded and air rammed special high-alumina shapes 
are in the indirect arc electric furnace, the induction 
furnace and in the gas or oil-fired rotary furnace. 
The principal applications are in furnaces used for 
melting a specific metal or group of alloys in which 
high duty or super-duty brick are either not refrac- 
tory enough or do not resist chemical attack satisfac- 
torily. Ferro-alloys produced in indirect arc furnaces, 
non-ferrous melting under certain conditions in in- 
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direct arc furnaces, rotary furnaces and induction 
furnaces are examples of the types of equipment and 
service in which handmade or air rammed high-alu- 
mina shapes have been applied successfully. 


Summary 

There are certain advantages for all four methods 
of brick manufacture. However, the power press proc- 
ess provides the best overall physical properties and 
has the widest range of applications. The process is 
adaptable to almost all materials whether they are 
high duty, super-duty fireclay or high-alumina. The 
one limitation that must be placed on the process 
is maximum pressing depth. When brick are urgently 
required, the power pressed standard sizes are general- 
ly available for prompt shipment. 

The extruded process in general will be used to 
make brick for those applications where a dense, 
tough, low porosity brick is required. 

The air rammed process will be primarily limited 
to the production of intricate high duty, super-duty 
or high-alumina shapes and the production of all 
classes of brick where it is desirable to approximate 
the physical properties of power pressed brick. 

The hand molded process will generally be pre- 
ferred for the production of any special shapes where 
either the size or the quantity to be made will not 
warrant manufacturing them by one of the other 
methods. 

Avoid large intricate shapes wherever possible. For 


REFRACTORIES IN THE FOUNDR\‘ 


best overall economy use standard arch brick, fo 
example, instead of special door arch shapes. Tak: 
advantage of the lower cost of standard sizes anc 
their improved physical properties when designin; 
refractory linings. Carefully investigate the labor cos: 
of installing standard or special shapes. Sometimes ; 
higher grade refractory of the same grade refractor, 
produced by another process will improve service life 
sufficiently to justify higher manufacture or materia! 
costs. When possible avoid the expense of special mold: 
by acquainting yourself with the sizes that are con- 
sidered standard or semi-standard. Discuss this matter 
frankly with the refractory supplier. 

As the foundryman understands the fundamentals 
of refractories as applied to his equipment, and takes 
advantage of the physical properties inherent to the 
shapes or standard sizes produced by the four proc- 
esses, he will improve his refractory service life and 
reduce his overall refractory costs. 


DISCUSSION 

Chairman: W. R. JAESCHKE, Whiting Corp., Harvey, III. 

Co-Chairman: F. W. Jacoss, Texas Foundries, Inc., Lufkin, 
Texas. 

J. H. Rickey:! Do castable refractories have any applications 
in the foundry industry? 

Mr. FANNING: Yes, in the cupola, just below the charging 
door. The material being used has a maximum safe operating 
temperature limit of 2400 F, consequently it can be used only in 
that area where the temperature does not exceed this figure. 


1. The Ironton Fire Brick Co., Ironton, Ohio. 








AN INVESTIGATION OF PRECISION CASTING 
OF EXPERIMENTAL PROPELLERS 


By 


A. R. Willner*, S. Goodman* and C. L. Tippett** 


ABSTRACT 


Model aluminum propellers have been successfully 
precision cast to specifications; experimental bronze 
propellers have been produced with moderate success. 
Development of a new dispensable wax pattern, a 
means of dewaxing under steam pressure, drying of 
the investment mold at low temperature and a casting 
technique which prescribes employment of partial 
vacuum and inert gases. 


The David Taylor Model Basin is the largest re- 
search laboratory of its kind. Employing scale models, 
the Model Basin engages in research and investigation 
on ship, airplane, and missile designs. 

One of the main points of interest at the Model 
Basin is the variable pressure water tunnel utilized 
for propeller studies using model propellers, simulat- 
ing full-scale operation. A variable pressure tunnel 
(Fig. 1) is a closed duct circuit, standing in a vertical 
plane. Water is circulated by means of an impeller in 
the lower horizontal leg. In the upper horizontal leg 
vacuum pumps can lower the air pressure above the 





*Metallurgist and **Model Maker, 
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Wood, David Taylor 





The opinions or assertions contained herein are the private 
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water in the test chamber in order to create condi- 
tions equivalent to full-scale operation. 

The accuracy of the data gathered for utilization in 
propeller design depends a great deal on the dimen- 
sional accuracy obtained in the manufacture of the 
experimental propellers which range from 6 to 24 in. 
in diameter. 

The problem given was to find a means of pro 
ducing more cheaply an accurate model experimental 
propeller (shown in Fig. 2) from the same material 
used for full-scale ship or torpedo propellers. An in- 
vestigation was undertaken to develop a_ precision 
casting procedure to meet the requirements. 

Prior to the present investigation, experimental 
bronze propellers were sand-cast from an oversize 
pattern. The sand-cast propeller must be machined 
on a Keller milling machine, which uses a master 
pattern as a guide. After machining the propeller is 
still approximately 0.010 in. oversize on each face. 
The excess metal must be taken off by hand filing 
and finished to dimensions. The tolerance required 
for a finished propeller is +0.002 in. This method of 
manufacture is quite expensive. Usually 40 man-days 
are required to produce a finished, four-bladed 
bronze 16-in. diameter propeller from the wooden 
pattern. 

A four-step program for the subject investigation 
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Fig. 2— Typical four-bladed 16-in. diameter experimental 
model propeller. 


was drawn up and each development step was con- 
sidered as a sub-task in itself: 1) dispensable male 
pattern; 2) an investment molding material; 3) cast- 
ing material and casting techniques; and 4) finishing 
operations. 

The various steps which are required to manu- 
facture an experimental propeller by precision-casting 
procedures can not be fully described in the space 
allotted. However, briefly, the operation of manufac- 
ture is described in the following: 

A trial model propeller is drawn triple size from 
theoretical calculations and past experience to meet 
a specified set of conditions. This drawing contains 
template stations, thickness requirements, center line, 
and desired rake. The drawing is then photographi- 
cally reduced three to one and printed on sensitized 
zinc plates. The original drawing, reduced negative 
and resulting positive zinc plate, are shown in Fig. 3. 
Ihe zinc plate is then cut into template sections. ‘The 
zinc templates are then rolled to the proper radii and 
holes are carefully drilled for attachment to the tem- 
plate holder. 

A master wooden pattern having desired shrinkage 
allowance is carved to the contour of female tem- 
plates. This wooden pattern is then used to make a 
split female plaster mold. The mold is put together 
around a brass or aluminum hub, and a single tin- 
bismuth 50:50 blade is cast. The cast blade is carefully 
checked for proper shrinkage allowance, template fit 
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and thickness. If a given propeller has six blades, sis 
female plaster molds of the face side of the patterr 
and one of the back side are made from the white 
metal pattern. 

These molds are positioned on a permanent stee 
jig plate containing precision placed holes so that the 
molds may be accurately set to any position. That is 
the positioning of these holes is such that an assembl; 
can be made for a two-, three-, four-, five- or six-bladed 
propeller. After the face side (drag) of the plaster 
mold is set, the back side (cope) is coated with a 
parting agent and set over the face and secured, Wax 
is either gravity poured or injected, depending on th« 
thickness and shape of the blade. Upon removal of 
the back side of the mold, the wax is immediately 
coated with about 14-in. of plaster. 

This process is repeated until the required number 
of blades is obtained. The entire assembly is put into 
a tray of water. This allows the assembly to absorb 
water. Otherwise when the mold is invested the drier 
plaster absorbs water from the wet investment mixture 
and thereby prevents binding action between the two 
plaster surfaces. In the wetting stage, vent wires are 
set at the tip. After investing and setting, these wires 
are pulled out. 

The mold is dewaxed in a pressure cooker and oven 
dried at 400 F. Temperature of the mold is taken by 
thermocouple. When temperature is obtained, the 
mold is then cooled to 250 F. It is then set up in a 
vacuum chamber, where the metal for the propeller 
is cast. 

Aluminum propellers are cast true to shape and 
size and do not require much hand finishing. The 
riser is cut off and the hub set to center by a center 
line and two radii stations which are cast on each 
blade. ‘The blades are polished with emery cloth and 
steel wool. ‘They are checked on the template stand 
with templates which are set on the center line and at 
given radii stations. Casting of bronze propellers is a 
little more difficult. The blades gain in thickness and 
drop 0.003 in./in. out of rake. 

The steps adopted to solve the problems associated 
with the previously described procedures were as fol- 
lows: In developing a dispensable pattern, considera- 


Fig. 3— Oversized drawing of model 
propeller. Right — reduced negative. 
Lett — resultant zinc positive. 
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t on was given to the following factors—the desired 
i,aterial must have minimum distortion, not soften at 
-oom temperatures of 90 F, have both gravity and 
ressure pouring qualities, and have flowability be- 

veen 150 and 200 F. 

A number of commercial waxes were tried. None 
et our specifications. We then formulated and tested 
2 different wax mixtures before developing a ma- 
erial satisfactory for our purpose. The wax developed 
as of the following proportions: 30 per cent aristo- 
wax, 20 per cent beeswax, 25 per cent halowax 1001 
and 25 per cent opal. This wax when mixed properly 
and poured at 180 F does not distort due to poly- 
merization or small changes in room temperatures. 

A number of investment materials were tried and, 

since cost reductions were of foremost consideration 
in this investigation, we worked with the cheaper 
gypsum-base investments. To the investment was 
added 0.4 lb of salt to 10 lb of plaster. This addition 
permitted use of cold water without increasing set-up 
time. Using cold water (40 F) for mixing the plaster 
gives a setting time of 30 min. With the addition of 
salt, the plaster sets up in 10 min, which is equivalent 
to mixing with water having a temperature of 70 F. 

Cold water was employed in order to avoid fissur- 

ing of the large masses of the plaster on setting. A 
mold for a 16-in. diameter propeller is approximately 
30 in. in diameter and 15 in. high. The use of salt also 
iessened the susceptibility of the plaster to thermal 
shock. Temperatures of 1000 F were needed to burn 
out the wax residue. The high burn-out temperature 
caused the mold to crack. 


Wax Elimination 

Previous work of Rosenthal and Lipson! showed 
that wax can be eliminated from a mold by a steam- 
ing atmosphere. The investment mold is put into a 
pressure cooker converted in such manner that the 
wax can be drained off through a funnel-shaped drain 
built into it, as shown in Fig. 4. This drain allowed 
removal of wax without opening the pressure cooke1 
or releasing the steam. 

The minimum temperature for drying was found 
to be 400 F. This temperature permitted the removal 
of sufficient quantities of water of hydration without 
causing cracking of the mold on drying or in contact 
with molten metal. While a satisfactory job of drying 
could be.done at this temperature, the time involved 
was rather long. The minimum drying period re- 
quired is approximately 3 days. An investigation ol 
mold-drying under vacuum and heat showed that a 
mold can be dried in 8 hr. However, this procedure 
was not adopted inasmuch as the drying time was 
not critical and actual running costs of the oven- 
drying method were low. 

A casting problem was present because of the varia- 
tion in thickness. For a 16-in. diameter propeller the 
thickness ranges from 3%-in. at the hub to \4,-in. 
at the tips. Casting temperatures over 1875 F caused 
the mold to crack and fall apart. Casting at lower 
temperatures caused the metal to solidify before fill- 
ing the blade contour. Centrifugal casting was consid- 
ered but the cost of equipment and the space required 
prohibited its use. This problem was resolved by em- 
ploying atmospheric pressure, as is done in the die- 












Fig. 4— Pressure cooker with added drain for wax disposal. 


casting industry. That is, the investment mold is put 
into an enclosed steel chamber shown in Fig. 5, con- 
nected to a vacuum pump and to a nitrogen source. 

A vacuum of 30 in. is drawn, and then nitrogen is 
fed until the desired partial vacuum is obtained. The 
top cover of this chamber has a hole and the edges 
around the hole are recessed. This recess supports a 
14 ,-in. annealed low carbon steel sheet that seals 
the hole. A bottomless crucible is clamped down over 
this steel diaphragm. The molten metal is poured into 
the bottomless crucible and the diaphragm punctured 
through the molten metal, as shown in Fig. 6. The ex- 
ternal atmosphere forces the molten metal through 
the punctures without the admission of air. This 
casting technique allows filling of the blade contour 
at low casting temperature without the employment 
of expensive equipment. The partial vacuum em- 
ployed depends upon the metal being cast and 
chamber used. 





Fig. 5— Investment mold positioned in vacuum chamber. 











Fig. 6 — Method used in puncturing vacuum chamber dia- 
phragm. 


When pouring bronze in the 20-in. diameter vac- 
uum chamber, 20 in. of vacuum and 10 in. of nitrogen 
are employed. Higher vacuum will cause the mold to 
burst. The use of nitrogen prevents oxidation and 
scaling of the surfaces. Pouring of aluminum is done 
under 10 in. of vacuum and 20 in. of nitrogen; higher 
vacuum causes the molten aluminum to flow out 
through the vents, leaving a useless thin shell casting. 
In this case nitrogen eliminates porosity due to hydro- 
gen absorption. Sixteen to 24-in. diameter propellers 
are cast in a vacuum chamber of 36-in. diameter. The 
vacuum required is lower, being on the order of 
12 in. for bronze and 6 in. for aluminum. 

The hub in all instances acts as the gate, and the 
extension of the hub as the riser. When the diaphragm 
is punctured the molten metal let into the mold is 
clean, since the pouring technique simulates that of 
bottom pouring. It was found that there was a zinc- 
vapor build-up which could not escape through the 
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pores of the mold, and therefore prevented filling of 
the blade contour. This difficulty was overcome by 
vents placed at the tip of each blade. 

Selection of the grade of casting aluminum was a 
serious problem. Strength and soundness were re 
quired. The casting aluminum which filled the re- 
quirements was of the chemical composition of Fed- 
eral Specification QQ-A-371, Composition “O”. All 
other grades of casting aluminum tried were either 
susceptible to porosity or distorted on heat-treatment. 
The material presently used produces a sound casting 
at the desired tensile-strength level of 35,000 psi. 
Manganese bronze meeting Military Specification 
MIL-B-16443 is used. 

The only limitation of this bronze was its drossing 
at the surface. This was eliminated by employment 
of a partial nitrogen atmosphere, as previously de- 
scribed. Present investigation indicates that the em- 
ployment of external chills at the bottom of the hub 
will alleviate the problem of drop in rake that takes 
place in manganese bronze propellers. 

This chilling action allows directional solidifica- 
tion. However, the thickening of the blades 0.010-in. 
on a side appears to be due to the shrinking of the 
investment, which leaves a larger cavity. The propor- 
tion of water to investment now employed is 50:50. 
Heavy mixtures are being investigated to minimize 
the thickening problem. 

On the whole, this investigation has shown that 
manufacturing experimental propellers within toler- 
ance of +0.005-in. by precision casting technique is a 
definite possibility. Estimates have shown that the 
precision casting process will reduce the man-days re- 
quired for the sand casting and machining process by 
50 per cent. 
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INFLUENCE OF CORE MAKING MATERIALS 
ON DEVELOPMENT OF HOT TEARS 


Part I 


C. H. 


Introduction 

This report incorporates all work carried out under 
the direction of the AFS Steel Division Research 
Committee on the investigation of “Influence of Core 
Making Materials on Development of Hot Tears” 
from January 1953 to May 1954. The previous report** 
showed the progress made in finding an original de- 
sign for a hot tear test casting which would give re- 
producible results, and which would have the requis- 
ite sensitivity. Design of such a casting was done at 
Armour Research Foundation, Chicago. Work done 
at American Steel Foundries, East Chicago, Ind., and 
Burnside Steel Foundry Co., Chicago, substantiated 
that the test casting design was valid. Later prelimin- 
ary work on various core sand mixtures showed that 
various types of core sand mixtures had a pronounced 
effect on hot tear incidence and severity. Initial work 
on hot properties of cores, and certain metallurgical 
factors were shown to indicate possible influence on 
hot tear incidence. 

In January 1953 the AFS Steel Division Research 
Committee planned a continuation of the investiga- 
tion to incorporate the aid of seven cooperating 
foundries. It was further decided that each of the 
foundries would investigate the reproducibility of the 
test casting results by producing a series of castings 
made with standard strong and weak control cores 
produced by one foundry. In addition each foundry 
was to pour castings made with a strong and weak 
production mixture of its own choosing. One casting 
each of the standard strong and weak cores, and the 
production strong and weak cores were to be poured 
on each of three different Grade B Steel heats. The 
group of foundries represented both acid and basic 
practice, acid electric, induction and open hearth 
melting and various types and capacities of pouring 
ladles. A list of the cooperating foundries is given 
below. 

A. American Steel Foundries, East Chicago, Ind.+ 


*Chief Metallurgist, Burnside Steel Foundry Co., Chicago. 

**“Investigation of Hot Tears in Steel Castings,” AFS TRANS- 
ACTIONS, Vol. 60, pp. 137-162 (1952) . 

+Made all standard control cores for project. 
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B. Bucyrus-Erie Co., South Milwaukee, Wis. 

C. Burnside Steel Foundry Co., Chicago, III. 

D. Crane Co., Chicago, IIl. 

E. Harrison Steel Castings Co., Attica, Ind. 

F. Minneapolis Electric Steel Co., Minneapolis, 

Minn. 
G. National Malleable & Steel Casting Co., Mel- 
rose Park, IIl. 

H. Sivyer Steel Casting Co., Milwaukee, Wis. 

The Society provided each of the cooperating 
foundries with the necessary pattern equipment to car- 
ry through its phase of the investigation. 

American Steel Foundries supplied the standard 
cores to all cooperating foundries, and the test cast- 
ings were produced. Resultant data were compiled by 
each foundry and sent to Burnside Steel Foundry for 
correlation. Each foundry sent hot tear test cylinder 
metal sections (made from standard cores only) to 
Armour Research Foundation, Chicago, for metallo- 
graphic study and chemical analysis. Core samples of 
the standard core mixtures and production mixtures 
were forwarded to the Harry W. Dietert Co., Detroit, 
Mich., for analysis of hot properties and evaluation. 


Test Data and Correlating Procedures 
A. Data and correlation of standard strong and stand- 
ard weak core mixture hot tears. 

1. The standard core mixture test castings were 
poured primarily to serve as a basis for compar- 
ing the various cooperating foundry ability to 
show the reproducibility of the test casting when 
subjected to various melting and pouring prac- 
tices commonly encountered in the industry. In 
addition it was felt that the average tear lengths 
so obtained would serve as a basis for compari- 
son of the individual foundry influence (due to 
inherent metal chemistry, pouring conditions, 
etc.) on hot tears incidence. Furthermore, it was 
desired to consider this comparison in the final 
evaluation of the individual foundry production 
core mixtures tested by each of the cooperating 
foundries. 

a. Reproducibility of cylinders (pair on same 
casting). The following table is a composite 
of all standard strong and weak core mixture 
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Fig. 1 — Relationship between actual hot tear length vs actual 
core weight. Percentage of points within range statistically (6 
points for each foundry possible equals 100%). Foundry G, acid 
electric, 66%; Foundry B, basic electric, open hearth, 83%; 
Foundry F, acid electric, 66%; Foundry D, basic electric, 50%; 
Foundry C, acid electric, 66%; Foundry H, basic electric, 50%; 
Foundry E, acid electric, open hearth, 66%; Foundry A, basic 
induction, 33%. 


hot tear lengths for the eight cooperating 
foundries. The percentage figures represent 
the checks obtained between mating cylinders 
on a single test casting (reproducibility) . It 
it is felt that this figure of almost 50 per cent 
reproducibility within 14-in. shows that the 
test casting holds much promise, since it rep- 
resents data collected through tests run by 
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Standard Strong Standard Weak 


Mixture Mixture 
Total 24 pairs Total 24 pairs 
Difference0to0.25in. 42% | 46% 
Difference 0.25 to 1.00 in. 33%, 21% 
Difference Over 1.00 in. 25% 33% 


Grand Average — 48 pairs cylinders (both strong and weak 
mixtures) 
Difference 0 to 0.25 in. — 44% 
Difference 0.25 to 1.00 in. — 27% 
Difference Over 1.00 in. — 29%, 





eight different foundries independently; six of 
them with little or no experience with the 
test casting. It is probable that the degree of 
reproducibility can be raised appreciably 
through experience. 

.Method of evaluating variables of pouring 
technique, core density, and metal chemistry 
with respect to hot tear incidence. 

1. Core Density—Actual hot tear lengths 
were plotted against the variation in actual 
core density for all cooperating foundries 
(Fig. 1). A statistical analysis of all points 
was made and the points which fell out of 
range were discarded as being not valid. 
These nonvalid points were excluded from 
all subsequent work since it was felt that 
the data surrounding them were unreliable. 
It can be seen from Fig. 1 that a definite 
correlation between hot tear incidence and 
actual core density exists, the tear length 
increasing with increase in density. 
Pouring Rates—The statistical in-range 
tear lengths values were averaged and plot- 
ted against the reported pouring rate for 
the corresponding tear lengths. Figure 2 
shows this correlation, the tear increasing 
with increase in pouring rate. 

3. Pouring Temperature—The same proce- 
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Fig. 2— Graph showing deviation 

in pouring rate vs deviation in 

tear length. (Each point equals 
four cylinders.) 
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Fig. 3 — Graph show- 
ing deviation in pouring 
temperature vs devia- 
in tear length. 
(Each point equals four 
cylinders.) 
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dure was carried out with pouring tempera- 
ture data. Figure 3 shows that tear length 
increases with increase in temperature. 


4, Plots of hot tear length vs. carbon, manga- 
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Since all values of tear length listed above repre- 
sent averages for each foundry when using the same 
core mixture, it appears logical to assume that the 
difference among the various tear lengths of the indi- 
vidual foundry represent the composite influence of 
individual foundry variables on hot tear incidence. 
Thus it is felt that in comparison of tear length results 
using production mixture cores, these ratings must be 
taken into account. 

d.The comparison of production core mixture 
tear results were made in the following man- 
ner. To each of the average production weak 
and strong tears obtained the foundry rating 
tear length was added. This was done to place 
all production tear lengths on the same equiv- 
alent basis of influencing variables. The fol- 
lowing table shows the listing of production 
mixtures as rated according to their influence 
in development of hot tear. 





Type of Production 





Item Foundry Mixture Length of Hot Tear, in. 
] E. Weak 0.00 
2 E. Strong 0.20 
3 B. Strong 2.60 
4 H. Weak 2.80 
5 B. Weak 3.20 
6 C. Weak 3.30 
7 G. Weak 3.50 
8 C. Strong 3.90 
9. H. Strong 4.00 

10. G. Strong 5.00 
ll. A. Weak 5.60 
3g. A. Strong 6.70 





Next those individual foundry production core mix- 
ture ratings were plotted against the production core 
baked and hot properties as determined by the H. W. 
Dietert Co. The Dietert values represent the average 
of six tests of each property for each mixture. 

The following analysis is made: 
1. Hot tear vs. core specimen -density showed in- 


crease tear with increased density (Fig. 4). 


2. Hot tear length vs. hot expansion at 1500 F. 
showed increased length with increase in expan- 
sion (Fig. 6). 

3. Hot tear length vs. dry compression showed in- 
crease tear with increased compressive strength 
(Fig. 5). 

. Hot tear length vs. hot deformation showed in- 
crease in tear length with decrease in hot defor- 
mation (Fig. 7). 


_ 


Conclusions 
These conclusions represent those drawn from all 
work done from May 1948 until May 1954. The fol- 
lowing progress of the Research Committee of the AFS 
Steel Division, thus far has been made: 
I. Obtained a design for a test casting to evaluate fac- 
tors (particularly influence of core making materials) 
influencing hot tear formation in steel castings (con- 
clusive) . 
II. Isolated certain influencing factors contributing to 
hot tear formation. These are listed as follows: 
A. Factors inherent to specific test casting design. 
1. As related to hot spot concentration. 

a. Cross-sectional ingate area (conclusive) . 

b. Degree of choke in ingate system (conclusive) . 

c. Relative metal of casting section adjacent to 

ingate contact (conclusive) . 

B. Factors inherent to resistance of internal test cores. 


1. Factor of resistance due to core mixture density 
of specific mixture. 
a. Moisture content of mixture as it determines 
rammability and therefore density (conclusive). 
b. Ramming energy used (conclusive) . 
2. Factors of resistance due to variations in mixture 
constituents which effect resistance character 


istics. 


























C. H. WYMAN 907 
























































® 
6.0 ~ : 
5-0 @ 
Z ® 
- 4.0 @~ @ 
Fig. 6— Graph showing relation < 
Ons between rated hot tear vs expan- 
ry sion at 1500 F ('4-in. specimen, « 
aq 3.0 
own atmosphere). w ® 
‘a @ 
be 
° 
=z 
& 2.0 
f= 
< 
« 
1.0 
oL @ l @ 





0.0100 0.0110 0.0120 0.0130 0.0140 0.0150 0.0160 0.0170 0.0180 0.0190 0.0200 
EXPANSION (1500 F ) IN./IN. 


a. Hot properties. b. Manganese content 
(1) Hot strength (inconclusive) . c. Silicon content 
F. (2) Hot expansion (correlation) . d. Sulphur content 
i (3) Dry Compression (correlation) . e. Phosphorus content 
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. , , . clusions 
a C. Factors inherent to pouring techniques. ; ae : 
(1) Pouring rate (conclusive) . 3. Factors inherent to solidification of metal. 
(2) Pouring temperature (conclusive) . a. Microstructure of as-cast steel. 
D. Factors inherent to metal poured. (1) Grain Size 
1. Factors due to variation of chemistry. (2) Segregations 
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METALLURGICAL EXAMINATION OF HOT TEARS 
IN STEEL CASTINGS 
ParT II 


L. 


ABSTRACT 

One of the serious problems which confront steel foun- 
dries is hot tearing of castings. Conclusive pin pointing of 
its cause or causes has long been the object of many in- 
vestigations. To discern whether chemical analyses, melt- 
ing practice, deoxidation, pouring temperature, pouring 
rate, inclusion effect, mold and core materials, casting 
design, or what combinations of these are influential is 
difficult. 

Development of a measuring tool in the adoption of a 
standard test casting design has brought understanding of 
the problem somewhat nearer. By applying regular melt- 
ing and founding practices of several foundries to stand- 
ard cores made of controlled sand mixtures, data have 
been collected for this report on a much wider base than 
before. This program has patterned the technique for co- 
operative effort using the uniform core as a reference 
point. With an opportunity to compare production vari- 
ables using the core as a common denominator, evalua- 
tions of processes and methods are now possible which 
could not have been previously achieved. 

The first experience with this procedure has brought 
forth the facts that (1) core materials are the strongest 
factor in the hot tearing of steel castings and (2) the 
type of deoxidation practice, namely, the non-aluminum 
types vs. the aluminum types, appear to exert a definite 
influence on the rate of tearing. 


|. Introduction 

A major cause of scrap or defective castings within 
the steel foundry industry is hot tearing. Investigations 
by many research groups and foundries have resulted 
in the compilation of numerous reports and the devel- 
opment of many theories regarding hot tears. How- 
ever, it is noted that much of the published informa- 
tion is contradictory. Some investigators have reported 
that hot tearing is the result of large temperature dif- 
ferences in castings where excessive internal stresses 
resulting from restricted contraction causes members 
to crack. Other investigators claim that hot tearing 
is a function of analysis, pouring temperatures, or 


*Supervisor, Foundry Research, Armour Research Foundation 
of Illinois Institute of Technology, Chicago. 


By 
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other variables. Still other investigators believe that 
hot tears result from the rupture of weak, non-ductile 
solid metal at temperatures below the freezing or so- 
lidification point of the metal. More recent study by 
W. S. Pellini* has indicated that hot tearing actually 
represents fracture through liquid films which exist 
at near solidus conditions. 

The AFS Steel Division Research Committee has 
been sponsoring work on the hot tearing of steel cast- 
ings. The work has included development and design 
of a reproducible test casting, modification of gates 
to enable test castings to be poured from various types 
of ladles, and evaluation of numerous sand mixtures. 

In this project work was carried on through eight 
co-operating foundries listed and codified in Part I 
of this research report. 

The first report on this project on the “Metallurgi- 
cal Examination of Hot Tears in Steel Castings” dealt 
primarily with an attempt to evaluate the effects of 
chemistry on the tearing tendency of steel. 

The elements of major concern, namely, carbon, 
manganese phosphorus, and sulfur, in general were 
within the range of specified chemistry. The “resid- 
ual” alloys followed a fairly close pattern. One excep- 
tion to the above was a set of samples which was made 
of alloy steel. Tabulations of secondary alloys and 
tramp elements analyses were also made. 

The final phase of the project deals with the rela- 
tionship of microstructures, inclusion effects, and de- 
oxidation practice to hot tearing. All examinations 
were made on the as-cast material. 

One purpose of this research was to demonstrate the 
effective reproducibility of the standard test casting. 
The Steel Division Research Committee also wished 
to determine the effect of standardized core mixtures 
in several production foundries. The cores were all 


*W. S. Pellini, “Strain Theory of Hot Tearing,” Foundry, Nov. 


1952. 
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nade from two controlled sands by American Steel 
Foundries. 

The foundries used their regular practice, with the 
exception of adapting pouring techniques to one of 
the standard gates which were furnished. While this 
is the logical approach to this phase of the program, 
it posed difficulties for the metallurgical interpreta- 
tion of many of the results. 

In order to understand the qualifying of the con- 
clusions set forth in this report, it is mecessary to 
clearly define some of the limitations and variables. 
Che following are those that may be set down for 
this survey: 

Pouring temperature range — 2780-3000 F 

Pouring rate range — 170 Ib-1950 lb/min 

Types of melting — Basic open hearth, basic electric, 

acid electric, and induction. 


Deoxidation practices: 
1. FeSi — 90% 
2. FeTi 31% lb/ton 
CaMnSi 4 Ib/ton 
. Ti-B deoxidizer . 
6 lb/ton . Al 2Y% lb/ton 
CaSi 3 lb/ton . Al 21% |b/ton 
4. Al 51% lb/ton FeSi 
CaSi 2 Ib/ton . Al 134 Ib/ton 
. Al 21% |b/ton FeSi 614 lb/ton 
CaSi 2 Ib/ton 
Considering the size of the group of cooperating 
foundries and the variety of types of melting, some 
sensible number of castings per foundry had to be 
chosen. It was decided that six for each core mixture 
per melt practice or foundry would be the minimum 
quantity necessary, and also the maximum total Amer- 
ican Steel Foundries Laboratories should be asked to 
make. This fairly small sampling of the various con- 
ditions stated above has made the formulation of 
positive conclusions difficult in most instances. 
However, certain trends will be pointed out which 
may be of interest and may stimulate further obser- 
vation and investigation to verify their accuracy. 


. Al 21% |lb/ton 
FeSi 5.6 lb/ton 
Al 21% lb/ton 
CaMnSi 3 Ib/ton 


ll. Procedure 

Before the work on this phase was started, a meeting 
of the Steel Research Committee was held at Armour. 
As a result, a program consisting of two sections was 
developed. These sections and their parts are listed 
as follows: 

A. Cooperating Foundries 

1. The American Steel Foundry research group 
offered to make cores for the hot tear casting from 
two sand mixtures (hard and soft, designated as “A” 
and “B” respectively) . 

2. A suitable number of test cores was to be sub- 
mitted to each foundry. 

3. The individual foundry would make pouring 
sprues and runners from special core boxes supplied 
for the Research Committee by Burnside Steel 
Foundry. 

4. Each foundry was to pour a group of hard and 
soft cores from a hard steel and a group from a soft 
steel. Where more than one type of melting equip- 
ment was available, this series would be repeated. 
However, only the Grade B steel castings would be 
used in this study. 
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5. After the castings were poured, the gate (hot 
tear) sections were cut from the castings. In addition, 
a piece 180 degrees from the tear was to be cut. These 
pieces were to be mailed to the Armour Research 
Foundation. 

6. Mechanical properties and routine chemical 
analyses of each heat poured in test castings were to 
be furnished by the individual foundries. 

7. If possible, several of the foundry groups were 
to check their sand mixtures and submit pieces of 
these castings. 

B. Armour Research Foundation 

1. After the test pieces were received, a section was 
removed from the center of each hot tear and 180- 
degree strip. 

2. One sample from each heat was sent to the Na- 
tional Spectrographic Laboratory in Cleveland for 
analyses of trace elements. The same samples were 
used for nitrogen determinations at Armour. 

3. The small specimens cut from the castings were 
mounted for metallographic examination. 

4. The mountings were examined and photographs 
made. Included under this study were: 

a. 180-degree sample structures, 
b. hot-tear structures, 
c. inclusion counts. 

5. The results of the above test program were tabu- 

lated. 


lll. Conclusions 
1. The core hardness seems to exert the strongest 
influence of any individual factor. 
2. Based on the tabulated data of the torn and un- 
torn castings for the “B” cores, it would appear that 


the next most apparent effect was due to the type of 
deoxidation practice, namely non-aluminum vs. alumi- 
num. 

3. Variations in chemistry within the Grade B spe- 
cification and within the limits of this program do 
not appear to effect hot tearing to a noticeable degree. 

4. There is no correlation between pouring tem- 
perature and tearing. 

5. There is no relationship of pouring rate to 
tearing. 

6. The as-cast microstructure sampled 180-degrees 
from the gate bears no relationship to tearing. 

7. No structure pattern in the torn area could be 
defined as being influential. 

8. Within the scope of this program, the inclusion 
count using the work of Sims as a standard, does 
not give conclusive information. 

9. No correlation of the number and types of in- 
clusions to tearing tendencies could be found using 
the ASTM standards. 


IV. Discussion 

It will be readily appreciated that the number of 
variables to be reckoned with here, and the possible 
combinations which may react in parallel or at cross 
purposes, make it impossible to independently de- 
termine the effect of each. For this reason, after the 
core hardness consideration has been dealt with, in 
many cases it has been necessary to interpret the vari- 
ous factors as though they were single acting. The 
investigators realize that this will leave some of the 
presentation open to question, but it will be presented 
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here in the hope that the experience of others may be 
brought forth to supplement these data. 

It is the intent of the writer to discuss the second 
conclusion later, instead of adhering to the listing of 
importance of the conclusions. This is to establish 
certain data to be used in the presentation of the de- 
oxidation practices. 

A. Core Materials 

The core materials, properties, physical constants, 
and effects have been analyzed and discussed by Clyde 
Wyman and his associate, Charles Faist of Burnside 
Steel Foundry Co. in Part I of this report. Their con- 
clusion that the two core mixtures termed “A” and 
“B” or “Hard” and “Soft” respectively, showed dif- 
ferences is quite well substantiated. The fact that 
100 per cent of the castings from the “A” cores tore, 
and only 46.1 per cent of the “B” cast were defective 
seems to indicate that core hardness over-powers all 
other factors active in the test. Metallurgically there 
is no clear pattern of difference between the heats 
used for the “A” cores and those used for the “B” 
cores, which would explain the difference in the num- 
ber of tears. In many cases the same heats were used. 

Since there is no basis of comparison in the “A” 
series, the examination of results for this report has 
been largely concentrated on the data of the torn and 
untorn castings of the “B” group. 

B. Chemistry 

The composition of each heat was determined. The 
major elements—carbon, silicon, manganese, sulphur, 
phosphorus, nickel, chromium, and in some cases 
molybdenum and vanadium—were determined by the 
foundry making the test castings. Samples 14 in. x 
4 in. x 6 in. were cut from a 180-degree piece from 
one casting in each heat and submitted to the Na- 
tional Spectrographic Laboratories in Cleveland. The 
percentages of aluminum, tin, titanium, lead, copper, 
and manganese were determined spectrographically. 
After these pieces were returned to Armour, drillings 
were taken and used for determination of the per- 
centage of nitrogen. 

For purposes of publication, the following tabula- 
tion of the chemical results is given instead of the 
lengthy individual tables shown in the original re- 
port. In general, the ranges of elements for the whole 
series of heats are consistent with the specification of 
the Class B steel used. Table 1 shows the total range 
of chemical analyses for each element, and the partial 
range where concentrations occurred and the per cent 
of the total number of tests that fall in these areas. 


TABLE 1 — CHEMICAL ANALYSES 








Element Total Range, % Concentrations 

Cc 0.18 - 0.33 93%, 0.21 -0.31 
Mn 0.62 -0.82 60%, 0.66 - 0.74 
Si 0.34 - 0.58 85%, 0.34 - 0.46 
S 0.017 - 0.047 50%, 0.032 - 0.042 
0.010 - 0.036 53%, 0.028 - 0.034 
Al >0.01 - 0.09 85%, >0.01 - 0.05 
Sn 0.004 - 0.019 88%, 0.008 - 0.014 
Cu 0.07 - 0.28 65%, 0.07 -0.16 
Pb 0.004 - 0.007 100%, 

No 0.008 - 0.019 75%, 0.009 - 0.014 





Dissatisfaction was expressed with the original tit- 
anium analyses which were presented as representa- 
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tive of some of the open hearth heats which had been 
deoxidized with titanium. Selected samples were then 
sent to several laboratories. The results which were 
received covered such a wide range that no conclu- 
sions could be drawn, and this series has been omitted 
from the above list. 
C. Chemistry vs. Tears 

In a further attempt to clarify the relation of chem- 
istry to hot tearing tendencies, all analytical per cents 
were tabulated according to heats and to the torn 
castings of that particular steel. A comparison of the 
per cent of torn and untorn castings within significant 
chemical ranges indicates the results obtained in this 
study. 


TABLE 2 — CHEMISTRY vs. Hor TEARS 








Element Chemical Range, % Tears No Tears 
Cc 0.20 - 0.27 73% 71% 
Mn 0.64 -0.75 80% 78% 
Si 0.36 - 0.45 57% 60% 

S 0.026 - 0.040 80% 33% 
No conclusion 
P 0.021 - 0.035 66% 66% 
Al >0.01 -0.01 1iI%— 63% 
Al 0.02 - 0.09 83% 37% 
Sn 0.007 - 0.014 80% 94%, 
Cu 0.07 - 0.22 90% 97% 
Pb 0.004 - 0.007 100%, 100% 
No 0.008 - 0.011 40%, 11% 
No 0.012 - 0.017 60%, 29% 





The comparison for aluminum may indicate that 
some correlation between the percent of this element 
and tearing tendency exists. It will be noted that the 
per cent figures reverse their values as the aluminum 
content passes 0.01. The discussion on deoxidation 
may strengthen this observation. 

D. Pouring Temperature vs. Tearing 

There are two observations that on the surface 
might indicate trends in Table 3. However, on 
closer examination, these are not justified. The first is 
the fact that in the Tear column, 16 of the 30 cast- 
ings listed were poured in the range of 2840 to 2860 F 
inclusive. This is the most prominent concentration 
of defective castings shown. However, in the series in 
the range of 2820 to 2890 F, which certainly could be 
considered as an average and good pouring range, it 
will be noted that there are 22 castings in each col- 
umn. This would indicate that the number (16) 
shown within the 20-degree spread was coincidental, 
since it does not seem reasonable that this range would 
be so critical. Also, it should be noted that six of the 
castings listed at 2850F were shown on the company 
tab sheet as 2850 + 25 F. Therefore, since it is not 
known how many pourings were made on either side 
of the mean, they all were listed at the mean temper- 
ature. It is also recognized that while the table is set 
up on exact temperatures, many of the readings were 
made optically and are subject to the variations of 
that method. 

The second observation is the fact that the five 
castings poured below 2800 F showed no tearing. 
There is probably a somewhat general feeling in the 
steel casting industry that lower casting temperatures 
may be beneficial in reducing tearing. If this is sub- 
stantially so, then this may answer the question. Un- 
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TABLE 3 — PouRING TEMPERATURE VS. TEARING 








“B” SERIES 
Temperature, Total Castings 
F Poured No Tears Tears 

3000 2 1 1 
2985 2 1 l 
2980 2 2 
2970 2 1 1 
2960 2 2 
2920 2 2 
2910 + 3 l 
2890 6 4 2 
2880 4 3 1 
2870 6 5 1 
2865 2 l 1 
2860 6 2 4 
2850 10 } 4 8 
2840 4 4 
2835 2 2 
2830 2 9 
2820 I l 
2795 2 2 
2790 l l 
2780 2 2 

64 34 30 





fortunately, only one melt practice by one foundry 
was poured in this range. 

The section on deoxidation practice will attempt to 
point out that this may be a result of the deoxidant 
rather than the low pouring temperature, although 
the two may have combined effect. 

E. Pouring Rate vs. Tearing 

Tables 4 and 5 are self explanatory. There appar- 

ently is no trend in this comparison. 


TABLE 4 — PourinG RATE IN Lss/ MIN vs. TEARING 











Pouring Rate Total 
Lb/Min No Tears Tears Cast 
170- 180 8 4 12 
$14- 394 6 6 
570- 650 2 4 6 
600- 612 l 5 6 
615- 738 5 5 
670- 800 5 l 6 
720- 938 5 1 6 
850- 930 6 6 
870- 906 3 3 6 
1550-1950 6 6 

35 30 65 





TABLE 5 — EVALUATION OF POURING RATE vs. TEARING 
Average Pouring Rate — 750 Lb/Min 
No 








Total Tears % Tears % 
Number cast below 
the average 41 21 51.2 20 49.8 
Number cast above 
the average 24 14 58.3 10 41.7 





F. Metallography 

A l4-in. piece was cut from the exact center of each 
hot tear section. This piece was examined until the 
section most representative of the entire surface was 
found. Microsamples were then prepared according to 
our standardized procedure. A 2 per cent nital etch 
was used on all samples. The dilute solution gave 
better control in etching. However, considerable dif- 
ficulty was encountered’ with seepage and bleeding 
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from the porous area of the micro-sections. 

Examinations were made of sections of the castings, 
one from each heat, at a position 180 degrees from 
the gate. The examinations were made on the center 
of the cross section of the casting wall. 


Microstructures. Examination of the microstruc- 
tures of the 180 degree samples showed a wide varia- 
tion in the various castings and, in many cases, within 
the individual pieces. At a meeting of the Research 
Committee a presentation of the various structures 
encountered resulted in the decision that the as-cast 
micros could not be resolved into a pattern of associa- 
tion with hot tearing. 

Two or three of the members had made examina- 
tions on the test castings and verified the spread in 
structure types. 

The varying production conditions do not seem to 
affect the structure in any particular manner. The 
group of micros included in this section will attempt 
to show repetitive occurrence with variations in melt- 
ing types. 

American Steel Foundries and Harrison Steel Cast- 
ings Co. prepared samples from test castings which 
were shaken-out hot, with approximately 10 minutes 
delay, and others that were slow cooled in the mold. 
In both cases, the early shake-out exhibited the acicu- 
lar Widmanstatten appearance and the slow cooled 
casting had a somewhat rounded or equiaxed grain. 
However, they also pointed out that variations in the 
structures occurred, and that there was some inter- 
mixing in the later shake-out pieces. This is the con- 
dition found in the project castings. Apparently the 
casting dimensions are somewhat critical in relation 
to cooling rate, and a mixed structure results. 

Since all test castings for the project were cooled at 
least 16 hours in the molds and both structures ap- 
peared in most sets of conditions, the above conclusion 
on casting wall thickness seems reasonable. 

Photomicrographs attempt to show that variations 
in as-cast structure tend to persist throughout most 
of the different conditions of the test. There is, as 
mentioned, no correlation which would identify it 
with tearing tendency. 

Figures | and 2 show the two most prominent types 
of structures appearing throughout the conditions of 
the test. Figure 1 which is acicular in nature is typical 
of samples obtained from acid and basic electric, acid 
and basic open hearth, and induction melting prac- 
tices. Pouring temperatures for this group of castings 
ranged from 2800 to 2950 F. 

The micro exhibited in Fig. 2 shows a somewhat 
modified grain indicative of a slower cooling. This 
structure persisted in the varying conditions listed 
above, but of course, were from different specimens. 

Many variations in structure were encountered be- 
sides these illustrated herein. This further substan- 
tiated the conclusion that the as-cast grain apparently 
cannot be associated with tearing tendency. 

The micros for this section were taken from posi- 
tions 180 degrees from the gate area of the castings. 


Hot Tear Microstructures. Results of examina- 
tions of hot tear sections were similar to those of the 
previous discussion. THe*4nicros showed the usual 
conditions of torn portions of castings — oxidation, 
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Fig. 3 — See Text. 


micro- and macro-shrinkage, decarburization, heavy 
dendritic areas, and duplexed oxides. Under the mi- 
croscope, many samples showed sand and the results 


Fig. 5 — See Text. 


of mold washing. 

Figures 3 and 4 show micros typical of the struc- 
tures obtained in castings made with heats of steel 
produced by acid and basic electric, acid and basic 
open hearth, and induction methods. These, also, ap- 
peared throughout the pouring range of 2780 to 
2990 F. Pouring rates varied from 170 to 1761 lb per 
minute, but showed no consistent pattern of struc- 
tures with changing rates. Since the Figs. 3 and 4 
were typical of some that appeared in samples rep- 
resenting all rates, it appears that the pouring rate 
alone is not importantly critical. 

Considerable interest is always exhibited in dend- 
ritic structures. The occurrence of this condition was 
not confined to any limited temperature range since 
it appeared in castings poured from 2830 to 2990 F. 
Figure 5 is representative of the micros observed for 
this group. 

G. Inclusion Count 

The matter of inclusions in steel castings has long 
been the subject of a great deal of intensive investiga- 
tion. The accumulation and comparison of the re- 
sults of this work by members of the industry, their 
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[ABLE 6 — COMPILATION OF INCLUSION TYPES FOR 
Torn CastTincs MADE wITH “A” Cores 





Inclusion Type 





Company l 2 3 1-3 2-3 Total 
4. S. F. 2 4 6 
B E. 
asic O.H t 2 6 
asic Elec. 6 6 
Burnside 6 6 
Crane 2 4 6 
Harrison 
\cid O.H { 4 
\cid Elec. 4 2 6 
Minneapolis 2 4 6 
Natl. Mall. 2 i 6 
Sivyer 
Basic O.H. 6 6 
Acid Elec. 2 4 6 
Totals nr tee | 12 12 ~=—é«G4 


Per cent Type 2-3=18.7% 





sponsored research, and independent efforts have made 
possible the identification of the types of inclusions. 
The standards set by the work of Sims have been 
accepted as the basis for identifying them as Types 
|, 2 and 3. It has been established that Type 2 or 
grain boundry chain inclusions are most detrimental 
to physical properties. In general, these will be the 
oxides which collect in this fashion, and are generally 
considered as the result of incomplete deoxidation. 
Type 1 inclusions are referred to as silicates, which 
are most prominent in treatments with silicon or ti- 
tanium deoxidants. The sulfides are classed as inclu- 
sions of Type 3. 

The classification of intermediate or borderline 
combinations of types of inclusions is subject to opin- 
ion and choice. In any arbitrary set or standards 
which depend on visual examinations for their inter- 
pretation there always occurs at least slight differences 
in the classifying. This is true of inclusions examina- 
tion. In order to approach as nearly as possible the 
standards that might be acceptable to the Committee, 
typical sample micros were sent to each of the cooper- 
ating foundries with the examination results noted 
and comments requested. The results were substan- 
tially in agreement; however, some minor difference 


TABLE 7 — COMPILATION OF INCLUSION TYPES FOR 
UNToRN CASTINGS MADE WITH “B” Cores 





Inclusion Type 











Company 1 2 3 1-3 2-3 Total 
+. & FF. 0 0 0 0 0 0 
B. & E. 
Basic O.H. 4 6 
Basic Elec. 2 1 3 
Burnside 0 0 0 0 0 0 
Crane l l 
Harrison 
Acid O.H. 5 5 
Acid Elec. l 2 2 5 
Minneapolis 1 1 2 
Natl. Mall. l 4 5 
Sivyer 
Basic O.H. 5 5 
Acid Elec. 3 3 
Totals 10 0 10 9 6 35 


Per cent Type 2-3=17.1% 
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were presented. This occurred mostly in judging the 
Type 2 class. An attempt has been made to tabulate 
all inclusion data on the basis of what appears to be 
the average system as expressed by the Committee’s 
opinions. It is hoped that in this manner the data will 
have the most value. 

Tables 6, 7 and 8 show the distribution of the in- 
clusion readings in relation to the data of the “A” 
and “B” castings of the various foundries. 

Table 6 can hardly be considered more than in- 
formative due to the fact that it falls under the in- 
fluence of the “A” core material. This is such a strong 
influence that the evaluation of any of the factors 
to be considered in this report is practically impossi- 
ble on the “A” series. 

Tables 7 and 8 for the “B” series, normally could 
be expected to show trends of the effects of the var- 
ious inclusion types. All types of deoxidants, all types 
of melting, and all inclusion ratings including some 
combinations are represented. The proportion con- 
taining ratings of Type 2 in the torn group is 26.6 
percent, and in the untorn group 17.2 percent. The 
difference is hardly significant. 

Table 8 for the torn castings with the “B” cores, 
the fact that the largest number of castings listed is 
of the Type 3 class would appear to indicate that some 
force stronger than that of the inclusion effect was 
predominant. 

Reference to Table 8 shows that while there is a 
smaller percentage of Type 2-3 present, the presence 
of this number of untorn castings increases the dif- 
ficulty of offering a clear-cut pattern of inclusion ef- 
fect. 

In summary, the tabulations of the inclusion type 
versus the condition of the test castings are not in 
great enough volume to predicate a definite conclu- 
sion as to their role in this program. 

Inclusion Count Standards. Micros of various types 
of inclusions were selected from those sent to the 
foundries for their comments on the Armour classi- 
fication of typical examples. See Figs. 6 to 13. 

H. Deoxidation Practice 

It will be noticed that there are approximately as 
many variations of deoxidation practice as there are 


TABLE 8 — COMPILATION OF INCLUSION TYPE OF TORN 
CastTINGs MADE WITH “B” Cores 





Inclusion Type 











Company 2 3 1-3 2-3 Total 
A. S. F. + 2 6 
B. & E. 
Basic O.H. 0 0 0 0 0 0 
Basic Elec. 2 1 3 
Burnside 6 6 
Crane l 4 5 
Harrison 
Acid O.H. 0 0 0 0 0 0 
Acid Elec. l 1 
Minneapolis 1 3 4 
Natl. Mall. l 1 
Sivyer 
Acid Elec. 2 1 3 
Basic O.H. 1 1 
Totals l 0 18 3 8 30 


Per cent Type 2-3=26.6% 











Fig. 6 — Type 1 Inclusions; 150X. 


Fig. 8 — Type 3 Inclusions; 150X. 


foundries in the cooperating group plus the number 
of melting methods. There is no doubt that the adop- 
tion of the different deoxidation materials and 
amounts have been tailored to the individual melt 
practice over a long period of time. This would also 
somewhat indicate that the method of deoxidation 
may not be all important. It is understood that the 
conditions of melting such as the variance in tem- 
peratures between the open hearth and the electric 
furnaces may make some materials more desirable 
than others. This may pertain to the use of silicon 
that is generally not considered acceptable in the 
electric furnaces, but is satisfactory in the lower tem- 
perature ranges of the open hearths. The most com- 
mc practice is with the use of aluminum. The quan- 
tity used appears to fall for the most part in the 
range of 134 lb to 214 lb per ton of metal. 

Table 9 indicates that an interesting trend may be 
distinguished through the comparison of the alumi- 
num deoxidized steel and those of the titanium and 
silicon heats. This may well be the most important 
metallurgical point to appear in this project. In an 
attempt to justify the decision that is made from the 
basic table, other factors have been added to show 






Fig. 7 — Type 1 Inclusions; 500X. 


\ 


Fig. 9— Type 3 Inclusions; 500X. 


that they all exist in a wide range of values, and 
should not be particularly effective in influencing the 
count one way or the other. 

An analysis of Table 9 will show that the non-alu- 
minum and aluminum deoxidations are almost the 
only constants in the Table. A detailed discussion of 
the factors listed appears to be needed here in order 
to explain the reasons for drawing the conclusion of 
this phase. 

In the upper section of Table 9, one heat is 
treated with FeTi—CaMnSi, one with Ti-B deoxidi- 
zer—FeSi, and the other with FeSi only. Also, there 
are two open hearth heats and one acid electric. This 
gives a variety without the use of aluminum. The 
lower section of the Table includes all four types of 
melting and aluminum deoxidation in combinations 
with FeSi, CaSi, or CaMnSi in varying amounis. 

The percentages of 94.1 and 39.6 representing the 
untorn castings in the groups are interesting in them- 
selves. If, then, the other variables shown here are 
considered, they may appear more worthy of thought. 
The ranges of pouring temperatures overlap quite 
well with the exception of the lowest of the non-alu- 
minum heats. 
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Fig. 10— Type 1 and 3 Inclusions; 150X. 
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Fig. 12 — Type 2 and 3 Inclusions; 150X. 


The pouring rates vs. tearing tendency gives no 
pattern whatsoever. 

Considerable interest has been expressed regarding 
the types of inclusions and their relation to tearing. 
Particular emphasis has been placed upon Type 2. 
No specific correlation was found. 

Based on these data, it is felt that a point of atten- 
tion should be made of this apparent difference be- 
tween the two types of deoxidation. 

Table 10 is included to show graphically the re- 
lationship of the data which were listed in Table 9. 

Table 11 is offered merely as information with no 
attempt at interpretation. It is a tabulation of the 
results of the deoxidation combinations. 

The effects of fundamental melting techniques could 
not, of course, be determined without a very exten- 
sive test pattern, and consequently their roll in com- 
bination with the deoxidants is ignored in this report. 


V. Summary 


The development of a standard of measurement 
for hot tearing tendency, such as the AFS standard 
test casting is an important step in combating this 
phenomenon. To design such a test piece is a tedious 





Fig. 11 — Type 1 and 3 Inclusions; 500X. 


Fig. 13 — Type 2 and 3 Inclusions; 500X. 


and time consuming task. However, the one in use 
by the Steel Division Research Committee appears 
to satisfy many of the requirements. 

This program was the first effort to investigate its 
use on a fairly wide basis. When it is realized that 
several foundries had had no previous experience 
with the casting, and that there were wide variations 
in conditions, quite a measure of success was achieved. 

It is true that specific questions can be formulated 
which are unanswerable with the data of this report, 
such as; (1) why do only two of the foundries have 
tearing of all “A” and “B” castings?; (2) why does 
one foundry have only one tear in two series of “B” 
cores?; and (3) are combinations of deoxidants as 
variable in effect as indicated in Table 11. 

Questions of this type will be answered as future 
work is carried on along a broader scale, and as a 
larger volume of data are available for factor evalua- 
tion. With the background of experience obtained 
from this project, it will be possible to conduct con- 
trolled tests to determine the effects of individual 
elements acting to cause the defect. 

By using a constant core of the “B” type and stand- 
ardizing the variables involved, the changing of one, 
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‘TABLE 9 — COMPARISON OF TORN AND UNTORN CASTINGS MADE WITH “B”’ CorEs AND DEOXIDIZATION BY 
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Non-Aluminum Deoxidation 




























































































Pouring Temp. Pouring Rates “No. Tear Tear 
No. Tear Tear Ranges lb/min. ] 3 1&3 2&3 l 3 1&3 2& 
BE B.El. 6 0 2870 - 2890 1550 - 1950 cs > ad a saa i 
Harrison B.O.H. 5 0 2780 - 2795 615 - 738 5 
Natl.Mall. A.E]l. 5 l 2850 - 2870 670- 800 l 4 | 
16 l 1i0.~—*—O Se ae '. |. - 0 
es ‘Si Aluminum Deoxidation . fa = - ee ae 
BKE B.EI. 3 3 2970 - 3000 870- 906 2 l 2 l 
ASF 0 6 2825 - 2875 314- 394 4 2 
Burnside 0 6 2850 - 2950 850- 930 6 
Crane B.E. l > 2820 - 2850 600- 612 l l { 
Harrison A.F1. 5 l 2830 - 2890 720- 938 l 2 2 | 
Minn. A.E. 2 4 2880 - 2980 570- 650 l l l 3 
B.O.H. 5 l 2910 - 2920 170- 180 5 l 
Sivyer A.El. 3 3 2830 - 2870 170- 177 3 2 ! 
19 29 De 2k Pe Ae ee ee eee 
TABLE 10 - "B" SERIES DATA TEAR vs. NO TEAR 
Inclusion Pouring Pouring 
Deoxidation Types Temp., F. Rate 
Average 750 lb/min 
20 - i 
! l 1-3 3 2-3 3000 1 \ Above Below 
16 - ; 1 | 
I J 10 
' %, 
12 1 | | - 
| 2900 ] | 
g - ! | | 40% 
: ] | 22 | 
4 | 4 ' | ' 20% 
NO TE 1 | | 
AR | 2775 } -% { 
T qT 
TEAR ] | | 
' 
4 y con | . 20% 
| 
| | 23 | 
8 4 ! ] : . 40% 
i 2900 |! | 
12 4 H ] | 60% 
Nh 1 ,t }2 
16 4 ) : | 
\ 3000 ° 
20 | h 
i 
24 | t 
| 
28 | 
TABLE 11] (such as pouring temperature) may well give a pat- 
> Teees = tern of influence which will produce data of sufficient 
GaMaSi with Ti os meet a significance to allow the formulation of a rating of 
CaMnSi with Al 0 12 importance. 
CaSi with Ti-B deoxidizer 5 l Thus it appears imperative that continued cooper- 
CaSi with Al 8 4 ative effort along this line of endeavor must be car- 
FeSi with Al 6 12 ried on, if the solution to hot tearing is to be evolved. 
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VAPOR HOLES FROM LOOSE SAND GRAINS 


IN BRASS AND BRONZE CASTINGS 


Floyd Keller and W. B. George* 


® Vapor holes that show up in brass and bronze cast- 
ings at various times from loose sand grains entrapped 
during solidification are discussed below. These have 
no relation to holes caused by metal boiling in the 
mold; from overheating and gassing of metal, or where 
oxygen in the metal combines with vegetable matter 
in the molding sand and carbonaceous material in the 
cores. 

It has been known for many years that maximum 
density in brass and bronze castings is obtained by pour- 
ing metal at the lowest practical temperature. Most 
foundrymen know, however, that by pouring metal at 
lower temperatures they often get vapor holes from 
loose sand grains that are held within the metal of the 
casting itself. It seems to make little difference whether 
the mold be made of green sand, baked, or composed 
of built up cores. 

The authors are endeavoring to establish here the 
pouring temperatures at which the metal will and will 
not free itself from these sand inclusions. When cast- 
ing hot, fluid metal, the loose sand in the mold is forced 
out of the liquid to the surface of the casting where it 
can be cleaned off. When casting cold dull metal the 
sand particles are held within the metal and the as- 
sociated water and vegetable matter, clay, etc., held by 
the grains themselves is liberated within the casting. 

While moisture in a sand grain is small it expands 
thousands of times in volume at 1800 F and when en- 
cased within the metal, it creates enormous pressures 
of many thousands of pounds per square inch. The 
volume, pressure, and resistance finally equalize them- 
selves, leaving a hole in the casting. 

To establish the amount of moisture, etc., held in 
sand grains several analyses of sands were made. 

First test was made on a 100-mesh Tennessee molding 
sand containing 20 per cent clay. After drying out the 
6 per cent working moisture, the sand was further dried 
for 24 hours at 230 F. Then it was carefu'ly weighed 
and the temperature raised to 1800 F for one hour, 
resulting in a 2.34 per cent loss in weight. The experi- 
ment was carried into the fourth hour with no appreci- 
able additional loss. The 2.34 per cent loss was con- 


*Chief Chemist and Foundry Engineer, respectively, R. Lavin 
& Sons, Inc., Chicago. 
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sidered to be due mostly to the water held by the 20 
per cent clay. Vegetable matter was not determined. 

Next experiment was to wash out the clay and 
vegetable matter from the same sand, and run the 
sample again. This corresponds fairly well to washed 
core sand. This sample was then dried thoroughly for 
24 hours at 230 F. Heating at 1800 F for one hour gave 
a 1.33 per cent loss in weight. The sample was kept in 
the furnace for three more hours with no appreciable 
change in weight. 

There are different opinions on the formation of the 
granite from which natural molding sands come. Some 
consider it an igneous rock and free of moisture, and 
others a metamorphous formation. To determine wheth- 
er it contained volatile material, the authors took a 
sample of granite, crushed it, and dried it thoroughly 
at 230 F for 24 hours. After this drying period, raising 
the temperature to 1800 F gave a 0.91 per cent loss in 
weight. The temperature of 1800 F was maintained for 
three more hours with only 0.05 per cent additional 
loss of weight. 

The next experiment was with washed silica sand. 
This was dried at 230 F for 24 hours, then held at 1800 
F for one hour, showing only 0.27 per cent loss in 
weight. The heat was continued for three more hours, 
with only 0.004 per cent additional loss. 

Silica sand is of a different formation than granite- 
formed sand, and is thought to carry no water. The 
authors believe that the loss of weight in all tests is 
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Fig. 1 . . Sand inclusion test pattern's five cavities will be 
poured separately at different temperatures. 
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Fig. 2 . . Each set of five machined test castings was poured, L to R, at: 
2100, 2000, 1900, 1800 F. Sprue bottoms of these were left ragged. 
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Fig. 3..Molding sand grain from 
sprue caused this hole. 





Fig. 8 . . Even dried silica sand resulted in vapor holes in casting. 





Fig. 7 . . Hole with sand inclusion. 





Fig. 9 . . Silica residue in hole. 
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F. ELLER AND W. B. GEORGE 


mc -tly moisture which is not considered to be a part of 
the crystal formation, but to be held in fine cracks and 
in‘ -rstices. 

‘o test these findings in actual practice a pattern 
wa made (Fig. 1) with five 14 x 2 x 6-in. castings and 
poured each at varying temperatures (2200 F, 2100 F, 
2000 F, 1900 F, and 1800 F) under different conditions. 
Ali molds were made with regular 20 per cent clay, 
100-mesh Tennessee molding sand. The sprue hole in 
the first mold was cut with a 114-in. diameter tube as 
standard practice, with the ragged sand edges left on 
the bottom of the sprue. The castings poured at 2200 
F, 2100 F, and 2000 F showed sand inclusions, but 
these were strictly surface defects which machined out 
with a 4%-in. cut. Those poured at 1900 F and 1800 
F contained vapor holes. Figure 2 shows the castings 
made in the first mold. Figure 3 is a photomacrograph 
of one of the holes, and the residue of the sand grain 
that caused it. All the holes are similar. 

On the second mold the sprue was smoothed out 
but 1 gram of dry molding sand was placed in the 
runner and washed into the castings. This sand showed 
up on the surfaces, but machined out perfectly. The 
metal poured at 2200 F, 2100 F, and 2000 F had enough 
fluidity to produce good castings by floating the loose 
sand to the outer surface. The metal poured at 1900 F 
and 1800 F did not have sufficient fluidity to free 
itself of the sand inclusions, and vapor holes resulted. 
Figure 4 shows the results of the second test; Fig. 5 
is a photomacrograph of one of the holes showing the 
residue of the sand grain that caused it. 

Figure 6 shows the results of the third mold. This 
mold was poured in the same manner as No. 2, except 
that 1 gram of dry core sand was placed in each runner 
with the same final results. Figure 7 is a photomacro- 
graph with the sand inclusion, the same as before. 

Figure 8 shows the results of the fourth mold. This 
was made the same as No. 2, except that 1 gram of dry 
silica sand was placed in each runner. Figure 9 is a 
photomacrograph of one of the holes with the residue 
of the silica grain that caused it. All holes are similar. 

Molds 1, 2, 3, and 4 were all cast from 85-5-5-5 red 





Fig. 10 . . Fine particles of shattered sand grain. 
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Fig. 11 . . Vapor may be from fine cracks in grain. 


brass. The metal was heated to 2200 F in a No. 80 
crucible oil-fired furnace, and flushed with one half 
pound of zinc, plus 114 ounces of phosphor copper 
shot per 100 pounds. Fracture tests show the metal 
to be of excellent quality. 

The black residue shown in the holes of the macro- 
graphs has been examined and found to be finely 
divided shattered sand particles, originally sand grains. 

Figure 10 is a photomicrograph showing a group of 
these shattered particles. Magnification is 100 diam- 
eters. The top of the shattered particles appear rounded 
in the picture as it was not possible to bring all the 
surfaces into focus at one time. Figure 11, a photo- 
micrograph of a single dust particle magnified 500 
diameters, shows the fine cracks and interstices be- 
lieved to be the source of vapor in the original grain. 

The authors do not know whether it is the rapid 
expansion of moisture that burst these sand grains 
into dust-like particles by creating an explosion or 
whether they are caused from heat shock. They lean 
toward the explosion theory because the surfaces of 
the holes appear black from finely divided dust par- 
ticles imbedded in the metal. 

It is the opinion of the writers that even though 
metal is poured at a high temperature, vapor holes 
often show up in certain castings because the metal 
is chilled while filling the mold cavity to the point 
where it cannot free itself of loose sand grains. They 
believe, however, that metal can be poured into a 
mold at 1900 F and 1800 F without developing vapor 
holes, provided a perfect mold, with no trace of loose 
sand, is made. 


DISCUSSION 

Chairman: W. H. Barr, Bureau of Ships, Navy Dept., Wash- 
ington, D.C. 

Co-Chairman: A. W. BarpeEN, Ohio Brass Co., Mansfield, 
Ohio. 

C. H. Bowen aml D. C. WiLtiaMs (Written Discussion1): The 
authors have advanced an interesting hypothesis to explain holes 
caused by loose sand grains in brass and bronze castings. Un- 
fortunately, they have left unanswered several questions. 

1. In order to provide a mechanism for their hypothesis the 





1. Ohio State University, Columbus, Ohio. 
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authors went to considerable trouble to prove that there was 
water in the sand grains. Liquids, gases and mineral inclusions 
are in the grains but ‘it is not necessary to introduce erroneous 
geologica! concepts into the foundry literature in order to pro- 
vide inclusions in sand grains. For instance, it was not necessary 
to inject the “granite problem.” That discussion is not germane 
to this problem. Many of the constituent minerals in a granite 
do contain water. Be it understood that it is not required that 
a naturally-bonded sand and a silica sand have different ultimate 
sources. Both might well be derived from the same type of host 
rack. It is the history after liberation from the original source 
that has been different, therefore, since silica is quite persistent, 
the interiors of the silica grains in “natural sands” and “silica 
sands” may and often do show many of the same characteristics 
as shown in our Figs. A, B and C. The authors failed to note 
this fact although the type of hole produced in their tests was 
the same (or similar) regardless of the type of sand used. 

2. The senior author of this discussion is preparing a paper 
on these inclusions in silica sand grains, and it is hoped that it 
will be published in the near future. This paper, along with a 
rather extensive literature in geology* and mineralogy bears 
ample testimony to the variety of liquid, gaseous and mineral 
inclusions that may be found in sand grains. 

3. The authors state that “vapor holes” were produced from 
four sources of sand grains. No one can deny the presence of 
holes in the castings, but the authors did not reveal the proced- 
ure by which they marked the grains so that identification could 
be established when the cavities were uncovered. 

4. Further, the authors neglected to state whether a control 
casting (or castings) was used in their studies. 

5. Under the condition present in the mold the inside test- 
pieces would have solidification rates different from the end 
test-pieces. For example, starting from left to right the outside 
test-piece was poured at 2200 F and the central test-piece would 
be poured at 2000 F. In this case it would be interesting to 
know if the test-piece poured at 2000 F and not affected by 
solidification of adjacent test-pieces would show the same evi 
dence of being free from “vapor holes.” 

6. The authors did not describe whether the “vapor holes” 
were present near the drag surface, cope surface, or distributed 
throughout the casting. This kind of information is deemed 
desirable in order to better understand what was occurring. 

7. In Figs. 2, 4, 6 and 8 many holes are shown in the test- 
pieces poured at 1800 F and 1900 F. Do all the holes contain 
evidence of the presence of silica? 

8. Fig. 10 is a photomicrograph stated to be shattered grains. 
Were such shattered grains found in all the holes? 

9. In the test bars poured at 1900 F the number of holes 
revealed is markedly less than that occurred at a pouring 
temperature of 1900 F. Should we conclude that the quantity 
of grains placed in the runners of mold cavities filled with 
1900 F brass was greatly reduced? 

10. If this was not so what happened to those not forming 
vapor holes? 

11. The authors indicate that at pouring temperatures of 
2200 F, 2100 F and 2000 F the metal cleaned itself and the sand 
grains were found near the cope surface. No information is 
provided which indicates the relative densities of the cope and 
drag parts of the mold. If the rate of heat dissipation from the 
cope had been equal to that of the drag, would these test-pieces 
show sand grains trapped deeper in the brass? 

12. The weight losses reported for the AFS clay portion of 
the sand mixture used can be substantially corroborated by the 
literature. The authors found the loss-in-weight for a mixture 
composed of 80 per cent grains and 20 per cent AFS clay to be 
2.34 per cent. The washed grains of this sand were found to 
lose 1.33 per cent. Therefore, in the original mixture the grains 
contributed 1.28 per cent. A sample composed exclusively of 
AFS clay would then have a weight loss of 6.40 per cent. Berkel- 
hamer** found that the AFS portion of Tennessee molding 
gravel lost 5.6 per cent in weight when heated to about 1100 F. 

The authors found the residue in the holes to be black in 
color and silica in nature though this is not evident from Fig. 10. 
Something must have happened to turn the finely divided silica 
to a black color.’ Possibly the authors would expand on this 


point. 


*F. G. Smith, Composition of Vein-Forming Fluids from Inclusion 
Data,’’ Economic Geology, vol. 49, no. 2, pp. 205-210 (1954). 

** 1. H. Berkelhamer, ‘“‘The Composition and Properties of Molding 
Sands, Part I,”” Bureau of Mines R.I. 3774, Sept. 1944. 
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Inclusions in 100-mesh molding sands. Mag. — 100x. 
Fig. A— “South Y” Tennessee sand. 
Fig. B — Ottawa sand. 
Fig. C — Sharon sand. 


13. The authors claim a preference for the explosion hypothe- 
sis as a mechanism to explain the formation of “vapor holes,” 
and on the basis of the evidence it is a plausible hypothesis. 
Several thoughts come to our minds with respect to an explosion 
occurring and incorporating information in the paper. If a 
sand grain completely surrounded by a liquid alloy were to 
explode is it not possible to find the particles embedded some- 
where in the solid brass rather than on the cavity surface? 

14. Also, if a sand grain exploded in solidifying brass does it 
necessarily follow that a spherically-shaped cavity would result? 

15. The authors indicate that sand grains subjected to 1800 F 
within the brass exploded. They did not present conclusive 
evidence that sand grains heated to 1800 F would explode, for 
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this was the temperature level at which the loss-in-weight tests 
were made and apparently no explosion occurred. 

6. Neither did they state that sand grains heated to as high 
evel as 2200 F would explode. 

7. One conclusion that can be reached from this information, 
t the explosion is not temperature dependent. 

18. If the explosion occurred and produced cavities as shown 
it seems reasonable that such explosions occurred when the 
rass was in or near the mushy condition. 

19. Another factor to be considered is time at high tempera- 
ture levels. The authors indicated that sand grains were heated 
to 1800 F for 24 hr and no evidence of explosion was presented. 

20. Therefore, it can be concluded that the explosions are 
not temperature or time-temperature dependent. 

21. A factor of pressure could be considered. Just how pres- 
sure as a factor could be associated with time and/or tempera- 
ture level to produce “vapor holes” is quite difficult to conceive. 
Yet, if an explosion did occur something in addition to time 
and temperature triggered the reaction. 

22. There is another possible plausible explanation for forma- 
tion of the gas cavities called “vapor holes”. The particular 
alloy used has a freezing range of 1830-1550 F. ‘The solidification 
characteristics of such an alloy having the wide solidification 
ranges are well known. It seems possible that the gas content of 
the constantly decreasing quantity of liquid was constantly in- 
creasing. Also, being constantly rejected to the remaining liquid 
would be the finely divided slag in suspension. 

23. If the slag concentration was sufficient, agglomeration of 
the particles could take place. Some were near the 1550 F 
temperature level; a solid slag particle completely surrounded 
by molten alloy could serve as a focal point for gas desorption, 
due either to the angularity of the slag particle or a discontinuity 
in the matrix volume producing a gas cavity. A solid grain of 
silica could act in the same manner as the slag particle in 
producing a gas cavity. 

The authors state that silica residues were found in the cavi- 
ties but they did not reveal what tests were made to establish 
that the fragments were silica. 

24. In view of the proposed hypothesis that slag could con- 
tribute to the cavity formations, could such fragments have had 
a silicate composition? 

25. Slags are known to contain higher percentages of hydrogen 
than the metal bath. It might be possible the agglomerated 
slag could release its hydrogen content at an appropriate temper- 
ature level and produce a spherically-shaped cavity. 


m 
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Mr. GeorcE (Reply to Messrs. Bowen and Williams): Our re- 
plies are numbered to correspond to the questions or remarks 
numbered in the above discussion. 

1. To us the photomicrographs show different sand, silica 
being round and others angular. 

2. I believe your paper will be of real benefit, and, I, for 
one, would appreciate it. 

3. We would appreciate any information on how to mark 
sand grains in molten metal. 

4. We consider Fig. 2 our control base. 

5. There was 114 in. of space between the castings. It is 
common practice to make castings within these dimensions 
without considering any variation due to heat transfer. 

6. The holes appear to be distributed throughout the casting. 

7. Mostly all. A few might be classified as slag. 

8. All that was examined. In the smaller holes there may be 
some slag. 

9. No! They were precisely measured in all specimens cast, 
then placed in the runner and washed into the casting cavity. 

10. The fluidity of the metal above 1900 F was sufficient to 
force the sand to the casting surface where it vented out through 
the mold. 

11. Possibly. 

12. Finely divided particles often appear black in reflected 
light and semi-transparent in transmitted light. 

13. They do and show up as small holes with a residue inside. 

14. Not necessarily. 

15. These sand grains were heated slowly and vented to the 
atmosphere. 

16. Again sand is vented to the atmosphere. Moisture, when 
heated, must be confined to create pressure. 

17. Not wholly is correct. 

18. This is very probable. 

19. It was heated gradually and vented, while in the cast it 
was heated rapidly with no vent. 
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20. Not wholly. Confinement is a factor. 

21. Confinement of moisture was the trigger. Moisture on an 
open surface vents into the atmosphere. Water heated in an 
enclosed container ‘can create enormous steam pressures. Sand 
containing moisture embedded in semi-fluid metal duplicates 
this enclosed container. 

If you should want drastic proof of the power of moisture in 
molten metal try putting a cold skimmer rod into a pot of it. 
If you do not land in a hospital you would be very fortunate. 
I have witnessed a few who have. The moisture of a cold rod 
is almost negligible but enough steam is generated for a violent 
explosion. Sand grains trapped in molten metal act the same 
way. I cannot picture sand grains coated with wet clay doing 
anything else. 

22. If so, the fracture would show this but very little slag 
appears. 

23. Visual inspection under magnification. 

24. We do not see why they could not or most any material 
for that matter. 

25. That is a possibility as we have often seen small specks 
of slag associated with gas holes in red brass. Some were created 
from loose sand and others from liquid slag poured in with the 
metal. 


R. A. Cotton (Written Discussion2): The authors have pro- 
vided us with an interesting demonstration of one of the many 
causes for difficulties in copper-base alloy castings. While the 
writer has had no contact with this particular problem, the 
explanations given by the authors seem most reasonable. 

We wonder whether the authors could elaborate somewhat 
on their own experiences with this difficulty. 

1. We find that the authors have not indicated whether the 
sand inclusions were commonly found on the cope or drag 
surface of the casting. 

2. It would appear possible that if this were to be a common 
occurrence in foundries, there would be a good possibility that 
some sand grains would be trapped in the casting itself and 
show up on subsequent machining or fracturing. 

3. Since it has been indicated that the casting temperature 
is an important factor in whether or not sand grains will float 
to the cope surface, it would also appear likely that many sand 
grains could be trapped and not discovered until the casting 
failed or had been machined extensively. 

4. Does this type of defect show up in castings of aluminum 
or manganese bronze where the strong oxide film is in contact 
with the sand? Does yellow brass with aluminum tend to show 
this type of defect? 

5. Since pouring at too high a temperature appears to be 
more common in most foundries than pouring at too cold a 
temperature, it may be that this class of defect is not too 
prevalent. 

6. It might be pointed out that while maximum density and 
maximum physical properties are often associated in copper- 
base alloy castings with lowest pouring temperatures, it has 
also been demonstrated that feeding of solidification shrinkage 
can also be inhibited by the use of too low a pouring tempera- 
ture. In addition, there have been demonstrations a number of 
times indicating that the highest individual physical properties 
are obtained at the lowest pouring temperature, but the highest 
average physical properties are obtained at an intermediate 
pouring temperature. The possibility of defects from shrinkage 
is also greater when the pouring temperature is too low. 

7. From the evidence given by the authors, it might be 
possible to conclude that the advantages of a low pouring 
temperature are far outnumbered by the advantages of using 
pouring temperatures carefully determined for the job at hand 
to get optimum results. Experience indicates that this will 
rarely be at lowest pouring temperature. 


Mr. GrorcE (Reply to Mr. Colton): Our replies to Mr. Colton 
are numbered to correspond to the questions or remarks num- 
bered in the above discussion. 

1. They are generally distributed throughout the casting. 

2. They often do. 

3. Vapor holes only show up after machining. 

4. Very rarely because any metal containing aluminum lays 
down a film that prevents the sand from washing. 

5. Two things must act simultaneously, cold metal and loose 
sand grains. 

6. I believe this is recognized by all foundrymen. 


2. Federated Metals Div., American Smelting & Refining Co., Barber, N. J. 
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7. This conclusion is correct. But the purpose of this paper 
was to combine low temperatures with loose sand grains and 
to show the results. 


E. C. ZupraANnn3: Was the gas content of the metal measured 
in any way before pouring? The gas content of the metal has a 
definite relationship to the absorption and precipitation of 
gases in metals. 

Did the authors consider the nucleating tendencies of sand 
grains to release the dissolved gases from the metal? 


Mr. GEorGE (Reply to Mr. Zuppann): The melt quality of the 
metal was determined by fractured specimens and was good. 

Almost always minor amounts of gas are present in an 85-5-5-5 
alloy, but is not considered sufficient to be highly detrimental. 

An 85-5-5-5 alloy melted under a highly oxidizing atmosphere 


3. The Oliver Corp., South Bend, Ind. 
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(1% per cent oxygen in the furnace atmosphere) will produ 
physical properties of approximately 40,000 psi with 40 per ce: 
elongation. This type of melting practice, however, contributs 
to high metal losses. 

The above metal was melted with approximately 14 per ce 
of oxygen in the furnaces gases, and was estimated from t! 
fractures to be about 35,000 psi with 35 per cent elongation. 

While hydrogen gas in the molten metal will combine wit 
moisture in the mold we did not see any aggravated evidence i 
these tests. 

The type of hole produced from hydrogen combining wit 
moisture forms clean, round holes without any residue. All tt 
holes shown in the specimens contain a residue of the materia 
that caused them. 

We do, however, recognize that hydrogen gas in the meta 
could to some degree have an effect upon the moisture’ liberate: 
from the loose sand grains. 




















THE MEANING OF THE CAST TEST BAR 
IN THE EVALUATION OF ALUMINUM 
AND MAGNESIUM ALLOY CASTINGS 


By 


A. G. Slachta* and H. Mansfield* 


ABSTRACT 

Some room and elevated temperature physical 
properties of test bars and castings, poured from the 
same melt, are compared. This was done to evaluate 
the test bar and its true relationship to the castings 
it represents. 

Two alloy systems were studied: An Al-Cu-Si alloy 
(AMS 4214 or SC51A-T71) and a rare earth mag- 
nesium alloy (WAD 6495 or EZ33A-T5). 

The critical variables affecting the physical prop- 
erties of castings are reviewed. 


Introduction 


Throughout the foundry industry the cast test bar 
assumes varying degrees of importance. This varia- 
tion is, of course, dependent upon application. When 
used intelligently, and in their proper perspective, 
data obtained from cast test bars can be useful guides 
to some of the characteristics of the castings they 
represent. In the aircraft engine industry, where alum- 
inum and magnesium alloy castings have been used 
for many years, test bars are used extensively. How- 
ever, they are seldom, if ever, the sole criterion for 
passing judgment on a casting. 

The reasons for placing test bar data in a more 
proper perspective are perhaps best appreciated by 
considering some general factors which influence the 
selection of magnesium and aluminum alloy castings 
for engines. Weight is a problem that the design 
engineer must constantly cope with, and it is one 
reason why these materials find many applications 
in aircraft engine castings. Due to its lower specific 
gravity, magnesium is considered first, especially 
for large housings; but, if rigidity is a problem that 
can not be met by “ribbing,” aluminum is used. 
Also, if the casting has bearing surfaces, aluminum 
is usually selected over magnesium. 

With these general rules in mind, the design en- 
gineer must decide whether the part should be de- 
signed for resistance to deflection or resistance to 
stress. This will depend largely on the configuration 
of the part and on the types of loading involved. 


*Metallurgical Engineering Division Manager and Metallurgi- 
cal Engineering Supervisor, respectively, Wright Aeronautical 
Division, Woodridge, N. J. 
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Whatever the choice, the engineer designs to the 
minimum mechanical properties of the casting which 
are related to separately cast test bar values by factors. 
Thus it becomes clear that the usability of a casting 
is not always deduced directly from the test bar data. 

The question, therefore, arises as to the relationship 
of test bar data and design stress values. In an effort 
to establish this, castings and test bars were cast of 
an aluminum and a magnesium alloy and their physi- 
cal properties were compared. Data obtained from 
examined castings compared favorably with existing 
data at Wright Aeronautical Division or other pub- 
lished data. 


Review of Literature 


There have been numerous excellent publications 
containing much data on separately cast test bar me- 
chanical properties of aluminum and magnesium al- 
loys. However, the available data on the correlation 
between the properties of cast test bars and those 
of the castings they represent are somewhat limited. 
In a paper published by A. Van Zierleder! it is em- 
phasized that the mechanical properties of alumi- 
num alloy test bars and the corresponding castings 
vary considerably. This variation is ascribed to the 
differences in grain size, which are influenced by 
many variables. Some of the important causes dis- 
cussed are cooling rate, size of cross section, heat dis- 
persion of the mold and, of course, the effect of 
gating and risering. 

Nelson and Strieter? found that differences in 
mechanical properties between test bars and castings 
diminish as testing temperature increases for rare 
earth magnesium alloys. 


Materials and Methods 


Two alloys were studied for this work — AMS 4214 
or SC51A-T71, an Al-Cu-Si alloy, and WAD 6495 or 
EZ33A-T5, a rare earth-zirconium-magnesium alloy 
(Table 1). The former has been used extensively in 
the aircraft industry for various parts ranging from 
small covers to major housings, and the latter is one 
of the newer high temperature magnesium alloys that 
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Fig. 1 — Views of gating and risering (gray areas) of com- 
pressor housing. Center section acts as sprue. 


will undoubtedly find many applications in future 
engine designs. 

The configurations chosen for each of the alloys 
were a compressor housing (Fig. 1), a “step-down” 
casting (Figs. 2 and 3), and test bars (Figs. 4 and 
5). The rigging is identical only for the compressor 
housings and somewhat different for the others. 

The only difference in founding techniques for the 
various castings was that the compressor housing was 
cast in a core-sand mold and the others were cast 
in green sand. All of the aluminum castings were 
poured from a single melt. There were two melts 
of the magnesium alloy, one of which was used for 
the compressor housing and the other for the step- 
down casting. Test bars and chemical analysis discs 
were poured from all heats. Pouring temperatures 
ranged from 1300 F to 1320 F for AMS 4214 and 
from 1390 F to 1400 F for WAD 6495. The alumi- 
num alloy castings were all solution heat treated at 
965 +10F for 10 hr, hot water quenched, and aged 
at 485 F for 5 hr. The magnesium alloy castings 
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were heat treated at 450 +10F temperatures for 5 | 
Specimens were taken from each of the castings 
locations that were considered critical because of s: 
tion thickness and gate or riser location. Tensile speci 
mens were all standard 0.505-in. diameter except th 
those taken from the thin section of the step-dow 
castings which were 0.357-in. diameter. The cast te 
bars were 0.505-in. diameter, and in the case of t! 
“as-cast” were threaded at each end by machininy. 
The “machined cast test bars” were machined 
the gauge length until the skin had been remove: 
and a smooth surface remained. All specimens were 
tested on the same machine at a uniform rate. Yie! 
strengths were obtained from stress-strain curves us- 
ing a 0.2 per cent offset. Elongations were measured 
by extensometer for the 2-in. gage specimens, and 
by dividers and scale for the l-in. gage specimens 
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Fig. 2 — Gating and risering (gray areas) of aluminum step- 
down casting. Shrink areas appear at the top section. This 
rigging was intentionally inadequate. 


TasLe 1 — CHEMICAL ANALYsIs OF AMS 4214 anp WAD 6495 ALLoy MELTs AND Test CAsTINGs 








Av. of all Chemical Av. of WAD Av. of WAD Av. of WAD 
AMS 4214 Discs (2) 6495 Com- WAD 6495 6495 Step- 6495 Chemi- 
AMS 4214 Cstg. Melt AMS 4214 pressor Hsg. Chemical Disc Down Cstg. cal Disc (4) WAD 6495 
Required No. 4214 Melt No. 4214 Melt No.1FZ-21 Melt No. 1FZ-21 Melt No. 1FZ-25 Melt No. 1FZ-25 Required 
Cu 1.0-1.5 1.31+4-0.13 1.47 
—0.14 
Si 4.5-5.5 4.67 +-0.32 4.67 
—0.17 
Fe 0.60 Max. 0.39+-0.06 0.37 
—0.09 
Mn _ 0.30 Max. 0.03+-0.01 0.01 
—0.00 
Mg 0.40-0.60 0.51-+-0.04 0.56 Rem 
—0.05 
Ti 0.04+-0.01 0.03 
—0.00 
Cr 0.08-0.30 0.12+0.01 0.13 
—0.01 
Al Remainder 
Zn 0.30 Max. 0.03+-0.00 0.03 2.51+-0.14 2.52 2.22+4-0.08 2.21+-0.05 2.0-3.50 
—0.01 —0.11 —0.12 —0.04 
Re 3.14+-0.81 3.12 3.82+-0.13 3.66+-0.14 2.5-4.0 
—0.22 —0.26 —0.10 
Zr 0.52+0.10 0.51 0.63+-0.07 0.64+-0.04 0.5-1.0 
-0.11 —0.05 —0.02 
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srinell hardness, taken only for the AMS 4214, were 
ed at 1000 Kg load. Fatigue testing was done 
an R. R. Moore rotating beam fatigue machine 
ng standard specimens except that the cast test 
»ors had a 0.303-in. diameter. 

Microspecimens were prepared from tensile bars. 
1€ Magnesium specimens were etched with a mix- 
re of ethylene glycol 60 per cent, acetic acid 20 
‘r cent, water 19 per cent, and nitric acid 1 per cent 
or grain size and precipitate. For structure a mix- 
ure of 5 per cent picral-50 ml, water-40 ml, acetic 
acid-20 ml was used. Aluminum alloy specimens were 
etched with Keller’s etch, which is composed of 95 
per cent water, 214 per cent nitric acid, 114 per cent 
hydrochloric acid, 1 per cent hydrofluoric acid. Grain 
size measurements were made on the microspecimens 
using the ASTM Method E 91-53T, Comparison 
Method, grains/sq in. 
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Discussion and Results 

Analyses were obtained by emission quantometer, 
except that for WAD 6495 zinc and zirconium were 
obtained by x-ray fluorescent quantometer, while ceri- 
um was obtained by spectrograph. 

The temperatures used for testing were room tem- 
perature, 200 F and 450 F for AMS 4214, and room 
temperature, 450 F and 600 F for WAD 6495. 

Chemistry; Normally, with each group of castings 
received there is a test bar and chemical disc from 
each of the melts used to found the required cast- 





Fig. 3 — Magnesium alloy step-down casting with more than 
adequate rigging (gray area). 
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Fig. 4— Gating and risering (gray area) for magnesium test 
bar casting. 





Fig. 5 — Gating and risering (gray areas) for aluminum test 
bar casting. 


ings. In running this series of tests, chemical analy- 
ses were made of the test bar, chemical disc, and 
each of the bars taken from the castings. An evalua- 
tion of these data in Table 1 reveals a variation 
throughout a given casting, but there was no ap- 
parent correlation between chemistry and physical 
properties. 

The significance of this is that when chemistry is 
within specification, variation in physical properties 
must obviously be attributed to founding techniques. 
However, in considering the value of a chemical 
disc analysis, the data obtained in this work amply 
justify the concept that average chemistry of a given 
casting is reflected in that of the chemical disc. 

The data also show that segregation in a casting 
may be greater for some elements than for others. 
Rare earths in WAD 6495 have a strong tendency 
to segregation. To be sure, this will vary with the 
size and configuration of a casting since cooling time 
and solidification patterns (influenced by gating, 
risering, and cooling rates) are subject to consider- 
able variation. For instance, the disc — cast in a metal 
mold — reveals the least amount of variation. 
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Tensile Properties follow this trend, a fact which serves to strengthen 


the belief that the discrepancies noted are due to 


In evaluating the tensile properties of castings, . 
mechanical rather than metallurgical causes. 


certain general rules may be followed. A cast test 


bar does not vary greatly from a bar machined from The ultimate tensile strengths of specimens cut 
a test bar casting. The difference (up to 750 psi: from castings made of WAD 6495 remain approxi- 
is always in favor of the specimen from which the mately constant up to 450 F (Fig. 6), whereas ten- 
skin has been removed. This is probably due to a sile strengths of cast test bars increase slightly. For 
decrease in misalignment of the machined specimens AMS 4214 (Fig. 7) the expected decrease in ulti- 
during testing. Yield strengths and elongation do not mate tensile strength with increasing testing tempera- 


TABLE 2 — MECHANICAL PROPERTIES OF WAD 6495 ALLoy SEPARATELY CAST AND MACHINED TEsT BArRs 














Ultimate Yield Strength Elongation Modulus of Endurance 
Tensile Strength, (0.2% Offset) , (% in 2 in.) Elasticity Limit, psi 
psi at psi at at (Ex 10°) at 108 cycles 
70F 450 F 600 F 70 F 450 F 600 F 70F 450 F 600 F 70F 450F 600F at 70F 
Test Bar 
As Cast 18,600 20,150 13,150 14,000 10,500 7,850 1.0 19.5 38.0 6.5 5.2 4.7 9000 
Machined 19,250 20,650 13,800 14,500 10,150 7,900 1.0 22.0 26.0 5.9 5.3 4.2 
Compressor Housing 
Top 
Flange 13,350 13,400 10,960 12,300 8,750 6,700 1.0 6.0 41.0 
Bottom 
Flange 17,900 17,150 11,700 13,600 8,600 6,900 1.5 31.0 58.0 
Left 
Flange 15,200 15,400 11,650 11,700 9,000 6,500 1.0 12.0 33.0 
Right 
Flange 14,875 14,050 11,450 12,400 9,375 6,850 1.0 7.0 35.0 
Sprue 13,050 13,850 10,800 11,450 8,650 6,400 1.0 5.5 46.0 
Body 14,125 14,625 11,350 12,650 8,950 6,500 1.0 7.0 39.0 
Average 14,750 14,750 11,300 12.350 8,900 6,650 1.0 11.4 42,0 4.0 3.5 3.4 
Stepdown 
Thick 
Section 17,600 17,250 13,200 14,700 9,400 7,350 1.0 8.0 28.0 5.8 4.3 3.6 
Medium 
Section _ 17,000 16,800 14,150 14,300 9,800 7,850 1.3 8.0 25.0 5.4 4.8 $.2 
Thin 
Section 16,600 16,250 13,600 9,950 7,900 1.4* 6.0* 24.0* 
Required 
Test Bar 18,000 12,500 1.0 
Casting - _ an 


Av. E-Castings 4.7 4.2 3.4 
*Per cent in | in. Av.E-Test Bar 6.2 5.2 44 
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TaBLE 3 — MECHANICAL PROPERTIES OF AMS 4214 ALLoy SEPARATELY CAST AND MACHINED TEsT Bars 














Ultimate Yield Strength Elongation, Modulus of Endurance 
Tensile Strength, (0.2% Offset) , (% in 2 in.) Elasticity, Limit, psi 
psi at psi at at (Ex 10°) at 108 cycles 
70F 200 F 450 F 70F 200 F 450 F 70F 200F 450F 70F 200F 450F at 70F 
Test Bar 
\s Cast 33,600 31,750 22,700 29,350 27,800 20,550 1.3 1.5 3.4 11.4 9.3 9.0 
Machined 34,350 32,500 22,800 29,200 27,850 20,900 1.3 1.3 10.2 11.1 8.8 8400 
Compressor Housing 
Top 
‘lange 27,650 27.800 21,500 0.25 0.25 0.75 
Bottom 
Flange 30,850 31,400 24,400 1.0 0.50 1.75 
Left 
Flange 25,600 28,390 21,125 0.25 0.25 0.75 
Right 
Flange 26,500 28.250 21,970 0.25 0.25 0.75 
Sprue 24,200 22.850 19,600 0.25 0.25 0.50 
Body 28,000 26,050 20,500 0.25 0.25 0.75 7200 
\verage 27,150 27,450 21,500 0.4 0.3 0.9 11.0 9.3 
Stepdown 
Thick 
Section 28,550 27,300 19,550 27,500 25,650 19,050 0.5 0.5 0.8 9.6 8.1 7.2 
Medium 
Section 24,100 22,850 19,300 0.3 0.0 0.6 9.0 9.2 8.5 
Thin 
Section 25,250 22,950 18,850 0.4* 0.4* 0.8* 10.3 8.9 
Required 
Test Bar 30,000 + 1.0 
Casting 22,500 — 0.25 


10.0 8.8 8.2 
10.8 10.2 8.9 


Av. E-Castings 


*Per cent in 1 in. Av. E-Test Bars 





tures is observed. Yield strengths, and the moduli of the case of elongation in that the values and the 


elasticity, decrease with increasing temperature for 
both materials. In addition, as the temperature in- 
creases, the spread of values between as-cast and all 
machined specimens decreases. For this reason, the 
rate of decrease in tensile strength is higher for test 
bars than for castings. This tendency is reversed in 


spread increase with increasing temperature. 

For the castings studied, it is noted that larger 
castings have lower tensile properties than do smaller 
castings (Tables 2 and 3). This is an important fact 
which must be considered when evaluating the weight 
that should be placed on test bar data. 
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CAST TEST BAR 


STRESS, 1000 PSI 
© 


HOUSING 


CYCLES 


Fig. 9— Graphic representation of en- 
durance limit for AMS 4214 alloy, solu- 
tion treated and aged. 


STRESS, 1000 PSI 


The endurance limit is another property which 
is higher for cast test bars than for the castings 
they represent, as demonstrated in Figs. 8 and 9. 
Differences over 3000 psi exist for magnesium, and 
over 1000 psi for aluminum alloys. 


Microstudy 


The variables in the founding of any given casting 
manifest themselves in numerous ways. A microstudy 
reveals many differences in structure, grain size, con- 
stituent segregation and concentration throughout a 
casting. The existence of these differences is the 
reason why a test bar can not be expected to dupli- 
cate the physical properties throughout the casting 
it is supposed to represent. 

In the magnesium compressor housing, for instance, 
the grain size in the center riser is larger than any- 
where else in the casting. The grain size of the top 
of the center section, or hottest area, is largest of 
all (Fig. 10). At the bottom of the casting near 
the chills is found the finest grain (Fig. 11). An 
intermediate size is found through the medium sec- 
tion of the step-down (Fig. 12). The grain size of 
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Fig. 8— Graphic representation of en 
durance limit for WAD 6495 alloy. 
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the test bar was much finer (Fig. 13) than any 
found throughout all castings investigated. 

This alloy showed, in addition to the grain size 
variation, considerable differences in amount of pre- 
cipitate (Mg, Ce). These differences are shown 


in Figs. 14, 15 and 16 and vary with solidification 
patterns. The metal that freezes last has the greatest 
amount of precipitate. (An interesting microstudy 
can be seen in Figs. 17 and 18 where a fine and 
a coarse grain structure are shown. The specimens 
were taken from high temperature tensile bars which 
produced twins that resulted from the hot working 
induced during testing) . 

The aluminum alloy grain size varied in much 
the same way as that of the magnesium alloy, Figs. 
19 and 20. The size of grain does not vary quite 
as radically from test bar to casting, however. Figure 
21 indicates the need of another consideration which 
is grain orientation, seen as parent and sub-grain 
effect. The metallurgical history of the part — found- 
ing through heat treatment —influences this phe- 
nomenon. 

Another consideration arises from a study of Figs. 
22 and 23, which show that an Al-Fe-Si complex 
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Fig. 10 — Large grain size shown in 

magnesium alloy casting — taken 

through top of riser section of com- 

pressor housing. Etched — 60% 

ethylene glycol; 20% acetic acid; 

19%, distilled H2O; 1% nitric acid. 
X100. 


Fig. 13 — Extremely fine grain size 

found in a magnesium alloy test bar. 

Etched — 60%, ethylene glycol; 20°% 

acetic acid; 19% distilled H2O; 1% 
nitric acid. X100. 





ye | 


Fig. 16 — Heavy concentration of 

precipitate at grain boundaries of 

magnesium alloy compressor housing 

casting through riser section. Etched 

— 60% ethylene glycol; 20% acetic 

acid; 19% distilled H2O; 1% nitric 
acid. X500. 








4; Fi 
Fig. 11 — Finest grain size found in 
magnesium alloy casting other than 
test bars. Area shown is through the 
thin section of the step-down casting. 
Etched — 60% ethylene glycol; 20% 
acetic acid; 19% distilled H2O; 1% 
nitric acid. X100. 


# f 
Fig. 14— Small amount of precipi- 
tate in grain boundaries of step-down 
magnesium alloy casting through 
thin section. Etched — 60% ethylene 
glycol; 20% acetic acid; 19% dis- 
tilled HeO; 1% nitric acid. X500. 


Fig. 17—Fine grain structure 

through chilled section of bottom 

flange of the magnesium compressor 

housing. Twinning is the result of 

hot working. Etched — 5% picral, 

50 ml; distilled H2O, 40 ml; glacial 
acetic, 20 ml. X100. 





Fig. 12 — Grain size through medium 
section of step-down casting is larger 
than the finest found in other parts 
of the casting, but not nearly as large 
as the largest grains. Etched — 60% 
ethylene glycol; 20% acetic acid; 
19%, distilled H2O; 1% nitric acid. 
X100. 





Fig. 15 — Concentration of precipi- 

tate between the heaviest and least 

amount found. Section is through a 

magnesium alloy test bar. Etched — 

60% ethylene glycol; 20% acetic 

acid; 19% distilled HeO; 1% nitric 
acid. X500. 





Fig. 18— Large £grain structure 
through the top flange section under- 
neath the riser. The twinning is the 
result of hot working. Etched — 5% 
picral, 50 ml; distilled H2O, 40 mi; 
glacial acetic, 20 ml. X100. 











Fig. 19— Aluminum alloy test bar 
shows fine grain structure. Keller’s 
etch. X100. 


has precipitated in varying degrees which adversely 
affect the physical properties through the areas in 
which it predominates. The effects of these various 
metallographic differences are not readily separable. 
However, grain size, in itself, (Figs. 24 and 25) 
very definitely affects tensile strength. The fact that 
tensile strength increases with decreasing grain size 
is clearly demonstrated. Yet the effect of such factors 
as concentration and orientation of the complex 
precipitates is seen only in the types of failures. 
(Yield strengths for the aluminum alloy specimens 
were not always measurable with the equipment used 
because of the brittleness of the fracture.) 


Effects of Rigging 


Perhaps the best way to emphasize the effect of 
gating, risering, and chilling would be to point out 
that all the data obtained in this report could be 
completely altered by changing some or all of the 
techniques used. To show this is to analyze the 
techniques used. In the case of the test bars the 
gating and risering systems (Figs. 4 and 5) show the 
major differences in the thinking as applied to alumi- 
num and magnesium founding. Magnesium requires 
larger feeders to compensate for the greater tendency 
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Fig. 22 — Area through the riser section of the compressor 


housing casting shows relatively little of the Al-Fe-Si complex 
present. Keller’s etch. X500. 





Fig. 20 — Riser section of aluminum 
compressor housing casting shows 


large grain structure. Keller’s etch. 
X100 from body of the compressor housing 
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Fig. 21—Common aluminum alloy 
structure — parent grain having nu- 
merous subgrains. Specimen taken 


casting. Keller’s etch. X100. 


toward microshrinkage. Other considerations are 
those manifested by the inherent characteristics of 
the materials such as specific gravity, chemical ac- 
tivity, etc. However, the important fact is that both 
systems provide for a sound casting of uniform grain 
size yielding optimum physical properties. 

In Figs. 2 and 3 two gating systems are shown 
as used for the step-down castings. The aluminum or 
double-risered casting reveals some definite faults. 
The gate, having a limited opening, creates a “hot 
spot” which is the cause of the shrink seen where 
the metal enters the casting. The area around the 
inadequate risers shows a similar shrink condition 
which is attributed to the fact that the risers freeze- 
off too soon, thereby preventing adequate feeding. 
These errors will manifest themselves in a number 
of ways. The internal structure as revealed by x-ray 
will be more porous than would be the case with 
more adequate rigging. Most important, of course, 
is the fact that the mechanical properties will not 
be as high as can be obtained. 

The magnesium step-down casting is more than 
adequately fed to produce soundness. The fin gate 
progressively feeds the casting, and the riser, with 
the large opening, remains molten long enough to 





Fig. 23— Large concentration of brittle Al-Fe-Si complex 
taken through thin section of step-down casting. Keller’s 
etch. X500. 
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wovide metal to fill the shrinkage occurring during 
olidification of the casting. It is to be noted that 
his results in a closer agreement of physical prop- 
ties than was obtained for aluminum, and in ad- 
lition the physical properties are, in general, nearer 
he values obtained for the test bars. 

The gating, risering, and chilling of the compres- 
sor housing (Fig. 1) was the same for aluminum 
und magnesium. It is rather unique in that the sprue 
ind riser are in the same opening. This is accom- 
plished by pouring the metal through a pipe, lo- 
cated in the center opening, which is removed just 
before the metal has reached the top of the casting. 

This system, in conjunction with the side and 
top risers, provides for progressive feeding with ade- 
quate metal. It is true that there is great varia- 
tion in physical properties caused by the difference 
in feeding, chilling and solidification patterns; how- 
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Fig. 24 — Graphic representation of increasing tensile strength 
of WAD 6495 alloy with decreasing grain size for different 
testing temperatures. 


ever, the size of the casting prevents the use of 
a rigging that would not create some differences. 


X-Ray Quality 

Certainly, in considering any casting the impor- 
tance of- x-ray quality cannot be overlooked. In es- 
tablishing the quality required, close coordination 
between the designer and metallurgist is essential. 
In those instances where optimum physical prop- 
erties are necessary for the proper functioning of the 
casting, standards are established that will provide 
a dense part free of extraneous materials such as 
dross, sand, or other contaminants. When such a 
standard does exist physical properties ranging up- 
ward of 75 per cent of test bar requirements can 
be expected. In other instances, where the part is 
not required to carry full loads, as is the case in 
some housings, more relaxed standards are possible. 
The standards established for the castings studied 
in this work were high. It will be noted that in 
all instances the 75 per cent of test bar require- 
ment is obtained. The step-down casting does show 
that lack of soundness in itself is not sufficient to 
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lower the tensile properties. This is because of the 
many other variables previously discussed which, in 
this case, are more favorable than the shrinkage is 
detrimental. 

It is realized that the founding of x-ray sound 
test bars will be more readily attained than will 
be possible for most castings. This is because their 
size and configuration lend themselves readily to 
optimum rigging, thereby reducing the possibilities 
of unsound metal. 


Effects of Heat Treatment 


The heat treatment of most cast metals is as im- 
portant as the founding techniques employed. In this 
respect the test bar can and does play an extremely 
important role. When testing a melt through the 
medium of the test bar, the ability of that melt 
to respond to heat treatment is clearly demonstrated. 
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Fig. 25 — Graphic representation of increasing tensile strength 
of AMS 4214 alloy with decreasing grain size for diftterent 
testing temperatures. 


Should the test bar fail to meet the required prop- 
erties it is possible to trace the discrepancy through 
microstudy. It is not uncommon that the prior his- 
tory of a material is such that reheat treatment 
can salvage otherwise unusable parts. Conversely, it 
is sometimes the case that contamination adversely 
affects the ability of the material to respond to heat 
treatment. Thus it can be seen that dispositions, 
based on the characteristics shown by the test bar, 
make possible intelligent decisions on the course of 
action to be taken. 


Conclusion 


1) A test bar poured from a melt representing any 
given group of castings will have physical prop- 
erties higher than test bars machined from the 
castings. This could be overcome only by gating, 
risering, and cooling to the same degree that 
exists for test specimens. 

2) A test bar will reflect the ability of the parent 
melt to respond to heat treatment. This does 
not mean that the castings have been properly 
heat treated, but rather that the material from 
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which they are made is capable of being heat 
treated. 

3) A chemical analysis of a chemical disc adequately 
reveals the average chemistry of a casting poured 
from that melt. 

4) Test specimens should be analyzed in order that 
those facts which they do reveal may be used 
in conjunction with all other necessary tests to 
adequately appraise a given group of castings. 
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flect properties of bars sectioned from production castings i 
appears to me that certainly for magnesium alloys, this could b« 
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minations using what we consider to be an accurate measurin: 
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MICROPOROSITY IN GUN METAL PRESSURE CASTINGS 


By 


A. H. Hesse,* M. Glassenberg** and W. H. Baerj 


ABSTRACT 


Using complex Gun Metal pressure castings, studies 
were made in conjunction with x-rays, pressure tight- 
ness of the as-cast and machined casting, and macro 
and micro examinations. Using a ring type gating 
system for the suction head casting, microporosity was 
studied in reference to gate and runner size, variations 
in the number of gates, blind risers, melt quality, sand, 
and pouring temperature. Although microporosity or 
leakage has not been entirely eliminated in the cast- 
ing, it has been minimized by employing the better 
combinations of the abovementioned variables. 


Introduction 

This is a progress report on an investigation spon- 
sored by the U.S. Navy Department, Bureau of Ships. 
The purpose is to determine the cause and effect of 
microporosity in complex Gun Metal pressure cast- 
ings. The pump assembly selected is made up of two 
castings; a suction head and casing casting, parts of a 
Navy standard close-coupled pump. 

These two castings were selected for investigation 
for the following reasons: 


1. There are 17 different sizes of these castings 
made from the same or similar design. 

2. This pump unit is made by different pump 
manufacturers to a similar casting design in 
accordance with Navy requirements. 

3. Both castings are required to pass a hydro- 
static pressure test and all manufacturers were 
having difficulties meeting this requirement. 

t. The rejection rate of the castings was fairly 
high. 

. The greater percentage of rejections was at- 
tributed to microshrinkage. 


or 


Although this investigation concerns two castings, 
only two heats were made for casting the casing; one 
from each heat. Following machining and hydrostatic 
testing, neither of these casings exhibited any leakage. 
Due to the foundry difficulties being more prevalent 
in production of the suction head casting, the greater 


*Vice-President, Stemac, Inc., Chicago, **Metallurgist, Armour 
Research Foundation, Chicago, and 7Metallurgist, U.S. Navy 
Department, Bureau of Ships, Washington, D.C, 





The opinions or assertions contained herein are the private 
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percentage of this investigation has been concerned 
with improving the method of making the suction 
head casting. 


Experimental Procedure 


Melting. Ingot material of Navy Gun Metal, con- 
taining a nominal composition of 88 per cent Cu, 8 
per cent Sn, 4 per cent Zn, was melted in an oil-fired 
crucible furnace under a slightly oxidizing atmos- 
phere. The zinc test was used to determine the atmos- 
phere. 

Each heat of metal melted contained about 210 Ib. 
Two suction head castings were poured from each 
heat. Approximately 4 oz of phosphor-copper shot 
was added for deoxidation just prior to pouring the 
castings. The composition was balanced to comply 
with Military Specification (MIL-M-16576) by the 
addition of approximately 2 lb of commercially pure 
zinc prior to pouring. In Heat No. 20 and subsequent 
heats, test bars were cast and tested for tensile 
strength and elongation to indicate melt quality. 

Pouring Temperature. Pouring temperatures 
were taken with an electronic potentiometer in con- 
junction with a chromel-alumel immersion type 
thermocouple. The pouring temperatures varied from 
approximately 1940 F to 2260 F in this report. 

Molding. A sand consisting of approximately 50 
per cent old and 50 per cent new Albany No. 0 was 
used for making the molds. A routine check on the 
properties of the molding sand used in each heat was 
made (Table 1). The molds were rammed between a 
hardness range of 55 to 70. The composition of the 
core sand mixture used to make the two cores after 
Heat No. 18 was: 14 per cent oxide, 1 per cent 
cereal binder, 114 per cent core oil and 3 per cent 
water. This composition was arrived at after several 
other mixtures were investigated (Table 2). A gen- 
eral view of the molded cope and drag and the cores 
is shown in Fig. 1. ‘The suction head casting and gat- 
ing system is shown in Fig. 2. The rough suction head 
casting weighed approximately 38 lb. The runner, 
gates, and sprue weighed about 21 Ib. The metal re- 
maining in the pouring cup weighed 27 Ib. 

Venting. Venting of the cores is shown by an extra 
pair of cores* placed in front of the drag in Fig. 1. 


“In the text, the two cores for the suction head casting are 
referred to as small and large cores. 
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TasB_Le | — Properties oF No. 0 New ALBANY 
SAND Usep IN EacH HEay 








Green Com- Green Dry 
Heat Moisture pression Permea- Shear, Flowa- 
No. % psi bility psi bility 
1 on a -_ ke i 
2 7.9 7.7 — 22 _ 
3 7.4 75 15 16.5 — 
4 7.7 72 14 16 _ 
5 6.5 7.6 17 14 — 
6 6.2 8.8 18 10.5 68 
7 6.6 8.1 14 12 71 
8 7.4 6.7 15 18 72 
9 6.8 7.4 16 16 70 
10 6.5 7.0 15 12.5 72 
11 6.5 6.8 17 15 69.5 
12 8.2 5.8 15 23.5 73 
13 8.0 5.8 15 22.5 73 
14 8.5 5.2 16 24.5 74 
15 6.1 6.8 16.7 15.5 72 
16 6.8 5.8 16.6 18 71.5 
1C 6.8 5.8 18.4 16.5 72.5 
17 6.3 6.3 17.8 18 74.5 
18 8.9 4.8 _— 22.5 77.5 
19 and 2C 6.5 6.2 _ 17.5 75 
20 and 21 6.8 5.9 16.2 16 73.5 
22 and 23 6.1 6.4 15.7 15 75 
24 and 25 6.5 5.6 16.2 17 75 





The small core is vented with a hole through the cen- 
ter of the core and a hole molded in the cope. The 
large core is vented with a cavity at the bottom of the 
core, as shown in the foreground of Fig. 1. The cavity 
is extended into a well in the drag 180 degrees from 
the sprue, and is aligned with a hole molded in the 
cope. The well in the drag for venting the large core 
is located between the opposite ends of the runner. 
A baked core sand pouring basin was placed above 





Fig. 1 — General view of mold and cores for casting suction 
head. 
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the sprue opening to obtain a constant head of metal 
and to eliminate entry of dirt and slag into the mold 
cavity. The sprue was kept full of metal during the 
entire pouring operation. The pouring basin is shown 
in the background of Fig. 1 and the dimensions are 
shown in Fig. 3. 

Runner and Gates. The gating and runner system 
used to pour the suction head castings is shown in 
Fig. 4. It is essentially a slip ring runner with eight 
gates distributed equally along the periphery of the 
casting. The gates have a trapezoidal cross-section. At 
the start of the investigation, the gates were equal in 
area and the dimensions were: top, %¢ in.; bottom, 
114, in.; height, 17%. in.; area, 0.33 sq in. (Table 
3). The cross-sectional area of the runner on either 
side of the sprue, between the sprue and the first gate 
was initially made about twice the cross-sectional 
area of the bottom of the sprue. The total area of the 
gates was essentially the same as the cross-sectional 





Fig. 2— General view of initial gating and runner system 
for suction head casting. 


area of the runner between the sprue and the first 
gate. The cross-sectional area of the runner was re- 
duced after each gate was passed. The runner and 
gates were designed to be completely filled with metal 
before feeding the casting. 

The size of the gates was changed as the investiga- 
tion proceeded, as discussed later in this report. In 
addition, after Heat No. 9 the bottom diameter of the 
sprue was reduced so that the cross-sectional area of 
the runner on either side of the sprue between the 
sprue and the first gate was three times the cross- 
sectional area of the bottom of the sprue. The re- 
moval of gates and the addition of blind risers were 
also investigated. 


Results 

Suction Head Castings— Heat Nos. 5 to 25. 
Casting techniques were firmly established after Heat 
No. 9. Castings from earlier heats exhibited metal 
penetration into the cores, cracks between the ribs, 
and crushes. These defects were eliminated by (1) 
reducing the pouring rate, (2) formulating a good 
dry core mix, and (3) insuring good placement of 
the cores in the mold by means of a level. 

Early castings were poured such that the mold was 
filled with metal in 10-13 seconds. The rapid rate of 
pouring seemed to increase the incidence of cracks 
between the ribs. The molds after Heat No. 9 were 
usually filled between 20 and 30 seconds and no 
,cracks between the ribs on the casting were noted. No 
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correlation between pouring rate and leakage could 
be found. 

Using a dry core mix with 4 per cent iron oxide 
and a tensile strength of 110 to 150 psi seemed to 
eliminate the occurrence of cracks between the ribs 
on the casting. The core mixtures appear in Table 2. 

Unless otherwise stated, the castings from Heat No. 
9 and thereafter were pressure tested at 200 psi and 
x-rayed in the as-cast condition. Then they were 
machined and pressure tested at 200 psi for 15 min- 
utes. Castings from Heat No. 16 and thereafter were 
x-rayed after they were machined to avoid any indica- 
tions on the film due to surface defects on the casting. 
X-rays were made of the outer flange only because 
leakage was found to be localized in this area. Cast- 
ings from Heat Nos. | to 12 were produced with the 
gating arrangement discussed previously (Gating sys- 
tems I and II). Castings 9B and 10B leaked under 
pressure in the as-cast condition. The x-ray of the 
flange and points of leakage (indicated by black dots) 
are shown in Figs. 5 and 6. 

The suction head castings 9B and 10B have been 
the only castings found to leak in the as-cast condi- 
tion. The heavy shrink lines, as indicated by the x-rays 
of castings produced with gating system II (9B, 10A, 
11A, 11B, 12A and 12B) contained shrink lines on the 
flange adjacent to gates IL, IR, 2L and 2R. The 
x-ray film was free of shrink line indications on the 
flange adjacent and between gates 3L, 4L, 4R and 3R. 
Based on these results, the gating system was subse- 
quently altered. Castings 10A, 11A, 11B and 12B were 
machined at a later date, and all the castings leaked 









Fig. 3 — Detail sketch of pouring basin. 


except 11B. Where there was leakage, it occurred be- 
tween 2L and 2R on the sprue side. An exception 
was noted in casting 11A where there was a pin-point 
leak between 3R and 4R. It was also noted that leak- 
age occurred in areas where there were no defined 
shrink lines or mottling on the x-ray (see casting 
11A, Fig. 7). 

In an attempt to feed more metal into the region 
where shrinkage occurred, gates IL, IR, 2L and 2R 
were enlarged about 75 per cent in area (gating sys- 


TABLE 2— COMPOSITION AND PROPERTIES OF CorE SAND UsEp FoR PrRopucING CASTINGS 























Cast- Composition, % by weight Properties 
ings* Batch No. 
Bank Green * ? 
Sand Compres- Green Tensile Dry 
Large Small Core Cereal Iron’ Liquid Dex- GFN sion, Permea- Strength, Permea- Hard- 
Core Core Water Oil Binder Oxide Parting trin —6l psi bility psi bility ness 
1-6 1 1 % 1 1 _ % aie 0.40 94 98 186 65 
7-8 2 2 31% 2 l _ 3% R 0.64 91 256 48 85 
9 3 3 314 1% 1 \ 1 R 0.45 144 79 174 50-60 
10 2 
10 4 314 14 1 WA % R 0.50 142 110 176 70 
1A 4 3 
11B 4 2 
12 5 5 31% 1% l Y% % R 0.40 149 122 208 70-80 
13A 5 2 
isp) CS 5 
14 6 6 314 114 1 \ R 0.45 118 152 158 80 
15 7 21% 14 M4 R 0.38 163 116 223 70 
16 ~ . 31% 1% 1 \ R 0.45 136 110 191 65-70 
1C 8 8 
8 
17 9 314 1% 1 \Y R 0.60 138 133 176 70-75 
10 314 1% 1 WA R 0.55 144 138 185 60-65 
18 9 
19 10 
2c ill 11 314 1% 1 A R 0.40 156 99 168 
20 12 12 34 1% 1 \ R 0.60 138 120 167 
21 12 12 
22A 12 12 
22 12 
13 BY, 1% 1 \% R 0.5 126 115 
23 13 13 


24 13 13 
25 13 13 


*An “A” and “B” casting was made from each heat for the suction head. One casing assembly casting was made in each heat. 


**R—remainder 
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SECTION E-E 


tem III) for Heat No. 13. The x-ray of castings 13A 
and 13B showed no definite shrink lines, but had a 
mottled appearance between gates 2L and 2R on the 
sprue side. After machining at a later date, casting 
13A held water pressure, but casting 13B leaked be- 
tween IL and IR. 

The runner and gates for Heat Nos. 14 to 16 were 
then slightly modified from Heat No. 13 to compen- 
sate for possible non-uniform flow due to the enlarg- 
ing of gates IL, IR, 2L and 2R. The runner dimen- 
sions were not altered in Heat No. 13. This resulted 
in gating system IV. The gate area for IL, IR, 2L 
and 2R was decreased about 20 per cent from the 
gate area in Heat No. 13. In castings 14 to 16 all of 
the defects were essentially confined on the flange 
between 2L and 2R on the sprue side. These results 
were similar to those obtained with gating system II 
and III. Of the five castings machined, Nos. 14A, 
14B and I5B leaked, but 16A and 16B did not leak. 
Defects were indicated on the x-rays from the castings 






- 


TYPICAL SECTIONS A-A,8-8,C-C,0-0 
OF RUNNER AT ENTRANCE TO GATE 
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Fig. 4— Gating system for suction head 
casting. 


produced in Heat No. 16 (Fig. 8). 
Leakage was confined to the flange 
between 2L and 2R on the sprue 
side except for 14A where leakage 
also occurred at 3L. 

In an attempt to bring colder 
metal into region 1L and IR and 
have the casting solidify direction- 
ally toward 2L and 2R, gates 1L 
and IR were removed in Heat 
Nos. 17, 18 and 19, gating system 
V. Gates 2L and 2R were made 
approximately the same size as 
gates 2L and 2R in Heat No. }3. 
X-rays of castings 17A, 17B, 18A, 
18B, 19A and 19B revealed that 
the defects in regions 1L and IR 
were eliminated, but that shrink- 
age still remained in regions 2L 
and 2R with a tendency towards 
3L and 3R respectively. Figure 9 
is a typical example showing these 
results. Castings 17A and 17B were 
machined. Casting 17A did not 
leak, but 17B leaked in region 2R. 

From the results of the last three 
heats, it was believed that the 
effectiveness of a blind riser could 
be studied by placing it on gates 
2L and 2R to determine if feeding 
could be effected in the defective 
area. The position of the blind 
riser is shown in Fig. 10, gating 


al 


___—— CASTING 


PARTING LINE 





system VI. This was used in Heat 
Nos. 20 and 21. The riser was 
approximately 27% in. in diameter 
and 3 in. high. The gate area of 


, 2L. and 2R was increased 30 per 


cent above gate areas in Heats 
17-19. 

All of the castings machined from Heat Nos. 10 to 
17, which included 13 castings, did not leak in any 
portion of the casting except on the flange. There- 
fore, it was concluded that subsequent castings would 
have to be machined only on the flange and an adja- 
cent side to study the effect of gating, etc., with respect 
to microporosity and leakage in the flange. The cast- 
ings can be completely machined at a later date to 
verify soundness in other parts of the casting, after 
techniques for producing a sound flange have been 
achieved. This technique was used for castings from 
Heat No. 20 on. The two castings from Heat No. 20 
leaked profusely, but the two castings from Heat No. 
21 did not leak. Casting 20A leaked all over the flange, 
and casting 20B leaked between gates 3L and 2R on 
the sprue side. 

X-rays were subsequently taken of casting Nos. 20A, 
21A and 21B. The results are shown in Figures 10 
and 11. X-rays disclosed that the defects in casting 20A 
extended all over the flange. Defects on castings 21A 
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and 21B were still confined to areas 2L and 2R, indi- 
cating that the blind riser did not feed to any notice- 
able distance. It was suspected that the pronounced 
lefects in the castings produced in Heat No. 20, as 
compared to Heat No. 21, were probably due to melt 
quality. Subsequently, a piece of metal was broken out 
of the flange in one of the castings from each heat. 
For comparison of melt quality, slices were taken 
from the flange in the area of 4L and 4R, since this 
area never leaked and was free of gross defects, as 
indicated by x-rays in previous castings. 
Macro-examination showed that the melt quality 
was probably fair for Heat No. 21, but that Heat No. 
20 was poor. Melt quality could be the only possible 
reason why the castings from Heat No. 20 were so 
inferior to the castings from Heat No. 21, since one 
of the castings from each heat had similar pouring 
temperatures. It was evident from Heat No. 21 that 
the blind riser did not feed the flange in the area of 
2L and 2R. In an attempt to improve feeding from 
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the blind risers, the gates leading from 2L and 2R 
were opened to about 414 in. in width, as sketched in 
Figs. 12 and 13 for Heat Nos. 22 and 23. The width 
of these gates in Heat Nos. 20 and 21 was approxi- 
mately 114 in. This resulted in gating system VII. 
The results, as shown in Figs. 12 and 13, indicated an 
improved area in 2L. and 2R, but defective areas in 
other parts of the flange. 

Fracture observations of test bars cast in a separate 
mold in each heat indicated that melt quality was 
good in each heat. However, a relationship in the de- 
gree of leakage was noted in these castings with pour- 
ing temperature. In the range of pouring tempera- 
ture of 2145 F to 2080 F, the amount of leakage in- 
creased with decreasing pouring temperature. High 
pouring temperatures were investigated with the gat- 
ing system similar to gating system V (Heat Nos. 17, 
18 and 19) for Heat Nos. 24 and 25. No general im- 
provement was noted in the castings except that cast- 
ing 24A, poured at 2260 F, (considered very hot) did 


TABLE 3 — DIMENSIONS* OF SPRUE, RUNNER, AND GATES Usep IN CAsTING SUCTION-HEAD 
(Refer to Fig. 3) 





Heat Gating 
No. System 


Sprue 


Runner 


Gates 





d, 


do 


Section 
A-A 


Section Section 
B-B c-C 


D-D IL=IR 2L=2R 3L=3R 4L=4R 





1% 


area — 


1.77 sq in. 


% 
area = 
0.69 sq in. 


b=% 
b=1,% 
d=15 
area — 
1.31 sq in. 


bi = % b= % 
b= I%e b=1 
d=13 d=1.12 
area = area = 
1.10 sq in. 


0.91 sq in. 


b, = %e 
b=1%e 
d= % 
area = 
0.33 sq in. 


by = %e 
b= 1%e 
d= 1% 
area — 
0.33 sq in. 


by = Ke 
b= ?%e 
d= '%2 
area = 
0.33 sq in. 


b; = %e 
b= 1%e 
d= *%e 
area = 
0.33 sq in. 





10-12 


1%e 
area = 


1.35 sq in. 


Ye 
area = 
0.44 sq in. 





18 Ill 


b; = 16 
b= 1%e 
d=% 
area — 
0.58 sq in. 


by = Ne 

b= lKe 

d = % ” 
area — 

0.58 sq in. 





14-16 IV 


b= % 
b=1y% 
d=15 
area — 
1.50 sq in. 


bs=% 
b=1%¥ b= 1 
d= 0.75 


area — 


0.65 sq in. 


bi =% 

b = %e 
d= %e 
area — 
0.47 sq in. 


by =% 

b= %e 

d= %e ” 
area — 

0.47 sq in. 





7 Vv 
18, 
19 


bj =% 
b= 1%s 
Eliminated d= % 
area — 
0.61 sq in. 





20,°* VI 
21 


bi =% 
b=1% 
d=15 
area = 
1.45 sq in. 


bj, = 14% 
b= 1%e 
d= 5 
area — 
0.8 sq in. 





aa VEL 


gate opened 
up approx. 
414 in. 
width 

area = 

2.8 sq in. 





24, VIII 


*All dimensions are in inches unless otherwise stated. 


b=% 

b= l%e 

d= %e -~ 
area = 

0.56 sq in. 


**Blind riser on gate 2L and 2R 
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Fig. 5— Outline drawing of suction head casting. X-ray 

detects are shown. Points of leakage are indicated by black 

dots. (Casting 9B; Pouring temp., 2035 F; Casting leaked in 

as-cast condition; Casting was x-rayed only in regions 1L 
and 2R.) 


not leak (Fig. 14). Tensile bars cast in Heat Nos. 24 
and 25 gave a tensile strength and elongation of 
54,500 and 54,500 psi and 54 and 55 per cent, re- 
spectively. These bars, pulled in the as-cast condition, 
indicated excellent melt quality. 

Generally, the new Albany No. 0 sand had an av- 
erage moisture content between 6 and 7 per cent 
(Table 1). However, the sand contained a higher 
moisture content in some of the heats: 8.2, 8.0, 8.5, 
and 8.9 per cent in Heat Nos. 12, 13, 14, and 18, re- 
spectively. Castings from Heat Nos. 12, 13 and 18, 
when compared to castings produced with the same 
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Fig. 6 — Outline drawing of suction head casting. X-ray 

defects are shown. Points of leakage are indicated by black 

dots. (Top: Casting 10A; Pouring temp., 2035 F; Machined 

casting leaked. Bottom: Casting 10B; Pouring temp., 1940 F; 
Casting leaked in as-cast condition.) 


gating system, showed no evidence that the high 
moisture content enlarged or increased the defects in 
the casting. However, the castings from Heat No. 14 
appeared to contain a larger number of defects than 
other castings with the same gating system (Heat Nos. 
15 and 16). 

In an attempt to study the macro fracture of the 
castings, parts of the flange were broken off from the 
castings and examined. One observation of the macro- 
fractures was the appearance of a shiny metallic 
phase that was either finely dispersed or in the form 
of large globules. This phase has been initially identi- 
fied as a tin-rich compound that was rejected from so- 
lution during the last stages of solidification. It is con- 
ceivable that the phase would be finely dispersed if 
cooled rapidly and in the form of globules when 
cooled slowly. Initial observations seem to indicate 
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tiat globules of this phase were present in regions of 
jtense porosity and finely dispersed in regions that 
cid not leak. 

A section of the flange was submerged in a 50 per 
cont HCI solution, and bubbles of hydrogen evolved 
from the tin-enriched phase. This further identified 
(ne phase, since tin is the only possible element in the 
alloy that will react in this manner with HCl. 

Coupons were cut out of the flange of casting No. 

3B for metallographic examination. The coupons 
were taken from regions 1R-IL (leaking area) and 
between 4L and 4R. Macro examination of the pol- 
ished coupons indicated severe dendritic shrinkage 
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Fig. 7 — Outline drawing of suction head casting. X-ray 

defects are shown. Points of leakage are indicated by black 

dots. (Top: Casting 11A; Pouring temp., 2060 F; Machined 

casting leaked. Bottom: Casting 11B; Pouring temp., 1995 F; 
Machined casting did not leak.) 
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in coupon IR-1L and moderate shrinkage in coupon 
4L-4R (see Fig. 15). 

Casing Assembly Casting. One casing assembly 
casting was produced in Heat Nos. IC and 2C. Cast- 
ings IC and 2C were poured at 2100 and 2050 F, 
respectively. The gating and risering system is shown 
in Fig. 16. The casting weighed about 70 lb and the 
gates, risers, and sprue weighed approximately 42 Ib. 
Both of the castings were machined and did not leak 
under a pressure of 200 psi. Further heats for produc- 
ing this casting have been delayed until additional in- 
formation on causes of microporosity in Gun Metal 
has been obtained from casting the suction head. 
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Fig. 8 — Outline drawing of suction head casting. X-ray 

defects are shown. Points of leakage are indicated by black 

dots. (Top: Casting 16A; Pouring temp., 2150 F; Machined 

casting did not leak. Bottom: Casting 16B; Pouring temp., 
2070 F; Machined casting did not leak.) 
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Fig. 9 — Outline drawing of suction head casting. X-ray 

defects are shown. Points of leakage are indicated by black 

dots. (Top: Casting 19A; Pouring temp., 2080 F; Gates 1L 

and 1R eliminated; Casting not machined. Bottom: Casting 

19B; Pouring temp., 2020 F; Gates 1L and 1R eliminated; 
Casting not machined.) 


Conclusions 


After using the ring type gating system on the suc- 
tion head casting a number of observations were 
made. 


1. Using a runner system in the drag that was 
progressively throttled down in cross-sectional area to 
obtain a uniform flow distribution through each gate, 
castings were produced that did not leak in any part 
of the machined castings except the outer flange. 
Good directional solidification occurred on the flange 
fed from the gates located farthest from the sprue. 
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Fig. 10— Outline drawing of suction head casting. X-ray 

defects are shown. Points of leakage are indicated by black 

dots. (Top: Casting 20A; Pouring temp., 2120 F; Blind riser 

2-7/8 in. in diam on gates 2L and 2R; Gates 1L and 1R 

eliminated; Machined casting leaked. Bottom: Casting 20B; 

Pouring temp., 2060 F; Gated the same as casting 20A; Cast- 
ing was not x-rayed; Machined casting leaked.) 


Regions extending from 2L to 2R on the sprue side 
exhibited prolific shrink areas. As expected, thermo- 
couples placed in the mold indicated the metal to be 
coldest in the region of 4L and 4R and to increase in 
temperature as it approached regions 3L-3R, 2L-2R, 
and 1L-IR. Although uniform flow through each 
gate is theoretically sound and can be applied to sim- 
ple shapes, difficulty can arise when equal amounts 
of metal at different temperatures enter the mold and 
cause poor directional solidification. 

2. Enlarging gates 1L-1R and 2L-2R in an attempt 
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o increase the flow of hotter metal into this region 
lid not greatly improve the region of the casting. 

3. Eliminating gates 1L and 1R improved the metal 
tructure in this region of the flange; however, po- 
osity was still prevalent and intense on the flange 
idjacent to gates 2L. and 2R. 


4. Feeding metal into regions 2L and 2R by means 
a blind riser did not improve the flange in this 
irea. The system also seemed to have caused a poor 
structure on the flange in the area of IR and IL. 
even though gates 1L and IR were eliminated in this 
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gating system. Widening the gate from the blind riser 
(2L and 2R) improved the structure on the flange 
adjacent to the riser but did not extend much beyond 
this region. 

Increasing the pouring temperature seemed to have 
improved the structure of the casting for one or two 
types of gating system and have had no effect on the 
other types of gating systems. 

5. Large shrink cracks shown by the x-ray film 
usually indicated a leaky casting, but a mottled or 
hazed appearance on the film gave no indication 
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Fig. 11 — Outline drawing of suction head casting. X-ray 

defects are shown. Points of leakage are indicated by black 

dots. (Top: Casting 21A; Pouring temp., 2150 F; Gated the 

same as casting 20A; Machined casting did not leak. Bottom: 

Casting 21B; Pouring temp., 2100 F; Gated the same as 
casting 20A; Machined casting did not leak.) 


Fig. 12 — Outline drawing of suction head casting. X-ray 
defects are shown. Points of leakage are indicated by black 
dots. (Top: Casting 22A; Pouring temp., 2100 F; Blind riser 
on gate 2L and 2R with large in-gate; Gate 1L and 1R 
eliminated; Machined casting leaked; Casting was not x-rayed. 
Bottom: Casting 22B; Pouring temp., 2080 F; Gated the 
same as Casting 22A; Machined casting leaked; Casting was 
not x-rayed.) 
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Fig. 13 — Outline drawing of suction head casting. X-ray 

detects are shown. Points of leakage are indicated by black 

dots. (Top: Casting 23A; Pouring temp., 2145F; Gated the 

same as casting 22A; Machined casting leaked; Casting was 

not x-rayed. Bottom: Casting 23B; Pouring temp., 2110 F; 

Gated the same as Casting 22A; Machined casting leaked; 
Casting was not x-rayed.) 


whether the casting would leak or not. Poor melt 
quality greatly increased the occurrence of micro- 
shrinkage in the casting and caused excessive leakage. 


Summary 


The controlled study of shrinkage has been 
achieved with the ring type gating system for the 
suction head casting. By varying melt quality, gates, 
risers, and pouring temperature, microporosity has 
shown up and then has been minimized consistently 
in definite regions. With gates 2L-2R, 3L-3R, and 
4L-4R, a pouring temperature of 2000-2150 F and 
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Fig. 14— Outline drawing of suction head casting. X-ray 
defects are shown. Points of leakage are indicated by black 
dots. (Top: Casting 24A; Pouring temp., 2260 F; Gated 
similar to casting 17A; Machined casting did not leak; Cast- 
ing was not x-rayed. Bottom: Casting 24B; Pouring temp., 
2200 F; Machined casting leaked; Casting was not x-rayed.) 


good melt quality, microporosity was confined to the 
flange in the area of gates 2L and 2R. 


DISCUSSION 

Chairman: R. A. Cotton, Federated Metals Div., American 
Smelting & Refining Co., Barber, N. J. 

Co-Chairman: R. B. Fiscuer, Ingersoll Rand Co., Phillipsburg, 
N.. 5. 
ve. Kura (Written Discussion): From the information pre- 
sented in this paper, it may be deduced that the gating system, 
which follows the general principles established from research 
conducted under the auspices of the Light Metal Division of 
AFS, does result in the production of clean castings. Figure | 
shows that the sprue hole is rounded where it meets the basin 
of the pouring cup. 
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1L-1R 4L-4R 
Etch — 10% (NH 3)2SeOgs Mag.—2'%2X 
Fig. 15 — Macrograph of specimens cut from flange of cast- 
ing 13B. Specimens are located between 1L and 1R and 
between 4L and 4R. Note the larger amount and size of 
porosity in specimen 1L-1R as compared to specimen 4L-4R. 
Casting leaked between 1L and 1R. 


CORE — 

















Fig. 16 — Gating and riser system for casting assembly 
casting. 


The drawing of the pouring cup (Fig. 3) shows a sharp edge 
at this location. This may give an incorrect impression of good 
practice. A rounded edge is desirable and, undoubtedly, was used 
in the casting experiments. A sharp edge could result in separa- 
tion of liquid from the wall at the top portion of the sprue. When 
such a separation occurs, air and mold gases are sucked into the 
stream and can promote dross formation or gas hole defects from 
entrapped bubbles. 

It is generally known that low pouring temperatures promote 
shrinkage defects and high pouring temperatures promote micro- 
porosity. Either of these two types of defects can cause leakage to 
occur during pressure testing. The desired objective is to control 
these defects so that they do not form a continuous path through 
the wall of the casting. 

At higher pouring temperatures, the authors noted less leakage. 
Apparently, the leakage that occurred at higher pouring tempera- 
tures was not the result of shrinkage but of microporosity. Micro- 
porosity is initiated by microshrinkage and is accentuated by 
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gas evolution. The areas adjacent to the first and second set of 
gates were the most prone to contain severe microporosity. 

A study of the dimensions for gating systems I and II indicates 
that the same flow rate would be expected in each of the gates. 
Defective areas and leakage were restricted to the region of the 
first two sets of gates. In gating system III, a greater flow rate was 
present in the first two sets of gates because their cross section 
had been increased. The location of the defects was not changed. 
Obviously, metal that runs a shorter distance is hotter when it 
enters the mold cavity. Furthermore, metal-mold reaction is more 
intensive, the hotter the metal. Thus, even with gating systems I 
and II, which provided the same flow rate in each of the gates, 
the hotter metal entered the earlier gates. 

A deliberate increase in the cross section of the earlier gates, 
as in system III, would result in a still higher temperature of 
the metal in the areas adjacent to these gates. It might be pos- 
sible to minimize the development of mold reaction in the area 
of the earlier gates by creating a higher flow rate into the later 
gates. This could be achieved by maintaining the cross section 
of the gafes to a single set of dimensions and keeping the cross 
section of the runner constant instead of decreasing it as each 
gate is passed. 

If more uniform temperature is created throughout the cast- 
ing by the suggested change in the gating system, it may be pos- 
sible to distribute the microporosity so that leak-tight castings 
are obtainable more consistently. At the same time, it would 
be hoped that shrinkage, resulting from the loss of temperature 
gradients in the casting, would be of the micro variety and not 
detrimental to leak tightness. It is assumed that a higher flow 
rate into the later gates will not create objectional turbulence 
in the mold cavity. At least, no adverse effects from turbulence 
were reported in the gating system where the first set of gates 
had been made quite large, with respect to the other gates. 

The authors have made commendable progress in the study 
of how pressure tightness of a commercial gun metal casting is 
affected by gating practice. It is hoped that more of this nature 
is to be done on commercial copper-base alloy castings and that 
the results will be reported in the future. 


A. H. Hesse and M. GLaAssENBERG: The sprue hole in the 
pouring cup was rounded at the top of the hole. 

Additional heats were conducted after this paper was pre- 
sented in which the sizes of gates 2L and 2R were interchanged 
with those of gates 4R and 4L (see gating system for Heat Nos. 
24 and 25 before this change). The runner was also altered 
such that its cross section was constant from 2L-2R to 4L-4R. 
This method insured a higher flow ratio into the gates furthest 
from the sprue. However, three of the four castings made with 
this gating system and poured in a range of 2175-2250 F leaked. 
The casting poured at 2250 F was the only one that did not leak. 

H. W. Lownie, Jr.2: What is the significance of the prefix 
“micro” in the word “microporosity” in the title of this paper? 
How does the “microporosity” studied here differ from “macro- 
porosity”? If the porosity is visible with the naked eye, why call 
it “microporosity”? 

A. H. Hesse and M. GLAsSENBERG: Microporosity was studied 
earlier in this work with sections cut from the castings. It 
became apparent at a later date that microporosity was the 
prime defect for causing leakage and, therefore, is the reason 
why efforts were concentrated on this phase. 

S. A. Kunprat3: In Fig. 13-14, leaking castings always showed 
defect in casting at sprue area or 1R-1L area. Casting 24A poured 
at 2260 F was good while casting 24B poured at 2200 F leaked. 
Would you attribute this to pouring temperature or heat trans- 
fer raising the temperature in this area? 

A. H. Hesse and M. GLAssENBERG: There is good reason to 
believe that casting 24A, if x-rayed would show porosity be- 
tween 2L and 2R on the sprue side. However, castings 24A and 
24B probably are examples of a borderline case in which porosity 
formed a continuous path in one case and not in the other due 
to pouring temperature. After this paper was presented, further 
experiments indicated that higher pouring temperatures o1 
superheat were beneficial for obtaining castings that did not 
leak under pressure. The 60 F difference in pouring temperature 
between castings 24A and 24B may therefore be the reason for 
the results. 


1. Battelle Memorial Institute, Columbus, Ohio. 
2. Battelle Memorial Institute, Columbus, Ohio. 
3. Homestead Valve Mfg. Co., Coraopolis, Pa. 








PEARLITIC MALLEABLE IRON — INTERRELATION 
OF HEAT TREATMENT, MECHANICAL PROPERTIES 


@ In view of the imcreasing accept- 
ance of pearlitic malleable iron to 
supply the demand for a higher 
strength material having the general 
characteristics of ferritic malleable 
iron, attention has been drawn to 
the need for information to describe 
the wide range of properties and 
high quality. For most applications, 
and to a greater extent than many 
ferritic malleable or gray iron cast- 
ings, pearlitic malleable iron castings 
are machined on all surfaces and are 
subjected to higher stresses. 

The higher strength range (60,- 
000-90,000 psi) of pearlitic malleable 
iron is obtained by varying the com- 
bined carbon content of the matrix 
from practically zero to 0.90 per 
cent. Methods of manufacture in- 
clude: alloying, arrested heat treat- 
ment, and re-heat treatment from 
the cementite-austenite phase, just 
above the ferrite-cementite-austenite 
range. 

Alloying. In order to retain com- 
bined carbon in the matrix while 
using the normal annealing cycle, a 
graphitization-retarding alloy addi- 
tion, such as manganese, is made. 
The amount of alloy addition, metal 
composition, section size, and an- 
nealing cycle determine the amount 
of combined carbon retained. The 
resultant microstructure will consist 
of lamellar pearlite, spheroidized 
cementite, and temper carbon 
nodules in a matrix of ferrite. 

Arrested heat treatment is a 


method of stopping the heat treat- 


*Research Metallurgist, Albion Malleable 
Iron Co., Albion, Mich. 


AND MACHINABILITY 


By 
John E. Kruse* 


ment of normal composition mal- 
leable iron before all the combined 
carbon has been transformed to 
graphite. The general procedure is 
to air cool from the cementite-austen- 
ite range after the nucleation and 
growth of temper carbon nodules to 
eliminate primary cementite. 

The amount and form of com- 
bined carbon in the resultant struc- 
ture of temper carbon nodules and 
bulls-eye ferrite in a matrix of 
pearlite is progressively changed 
through spheroidization and graph- 
itization by heating for a given time 
at a temperature below the trans- 
formation range. The resultant struc- 
ture, dependent upon this draw heat 
treatment, consists of lamellar pearl- 
ite, spheroidized cementite, or mix- 
tures, and temper carbon nodules in 
a matrix of ferrite. 


Re-Heat Treatment. Ferritic mal- 
leable iron or air-cooled pearlitic mal- 
leable iron re-heated to the cemen- 
tite-austenite transformation range 
and quenched in oil or some other 
suitable liquid provides a material 
with a structure of temper carbon 
nodules in a matrix of martensite. In 
this way the hardenability character- 
istic of malleable composition iron is 
utilized to obtain a martensitic struc- 
ture in all casting sections. This 
structure is progressively changed by 
means of a draw heat treatment to 
one consisting of spheroidized car- 
bides and temper carbon nodules in 
a matrix of ferrite. Uniformity of 
structure found in varying sections is 
characteristic of this treatment. 

The alloying method is hardly 
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applicable where both ferritic malle- 
able and several grades of pearlitic 
malleable are being made. Alloy 
additions in foundry returns adversely 
affect base metal composition during 
melting, which in turn upset anneal- 
ability characteristics. 

Arrested heat treatment or re-heat 
treatment, however, provide a means 
whereby one base metal composition 
for both irons can be altered to give 
the higher strengths of pearlitic 
malleable. The air cool treatment 
and re-heat-oil quench treatment 
result in two fundamentally differ- 
ent types of microstructure, depen- 
dent upon rate of cooling, Typical 
microstructures are shown in Fig. 1. 

Because malleable irons are struc- 
turally sensitive to variations in cool- 
ing rate, standard test bars cast and 
processed with relatively heavier or 
lighter-section castings, will not 
necessarily develop the same struc- 
ture, hardness, or properties as the 
castings. A relationship of mechani- 
cal properties and microstructure to 
Brinell hardness affords a conven- 
ient, non-destructive means for de- 
termining casting quality through 
hardness tests. American Society 
for Testing Metals, Society of Auto- 
motive Engineers, and government 
specifications for pearlitic malleable 
iron include both minimum physical 
properties and typical Brinell ranges. 

It is of interest that the present 
machinability ratings of pearlitic 
malleable iron based on the Taylor 
speed criterion are also reported for 
Brinell hardness ranges. The purpose 
of this paper is to correlate and to 
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Fig. 1... Typical microstructures of oil-quenched (left) and air cooled (right) 


pearlitic malleable iron. 500X, appx. % size. 


describe observed relationships of 
mechanical properties and machin- 
ability to the type of microstructure 
found in air-cooled and oil-quenched 
malleable iron drawn to various 
hardnesses. Conclusions were based 
on the results of tests on standard 
0.625-in. test bars machined to 0.505 
in. diam. and from 4 x 4 x %-in. 
machinability blocks of the follow- 
ing chemical composition: C, 2.42 
per cent; Si, 1.67; Mn, 0.44; S, 0.165; 
Cr, 0.030; and P, 0.04. 


Heat Treatment. Thirty pairs of 
test bars were subjected to first stage 
heat treatment in a controlled at- 
mosphere, continuous-type furnace 
and air cooled by forced convection 
to an average Brinell hardness of 
285. Fifteen pairs were then re- 
heated to above the critical and oil 
quenched to obtain a fully marten- 
sitic matrix of 600 Bhn. 

Ten pairs of air-cooled and ten 
pairs of oil-quenched test bars were 
placed in a draw furnace at 1320 F 
716 C). An oil-quenched and an 
air-cooled test bar were withdrawn 
together from the furnace at 30-min. 
intervals, after 1 hour at temperature 
and continuing for 9 hours. Resultant 
Brinells were 223 to 156 for oil- 
quenched and drawn and 143 to 229 
for air-cooled and drawn bars. 

To obtain material at the higher 
hardness range of 321-248 Bhn, the 
remainder of the test bars were 
placed in the furnace at 1220 F (660 
C), and withdrawn at 30-min inter- 
vals after 45 minutes at temperature. 
It was thus possible to obtain 


material with Brinell hardnesses 
from 321 to 143, a range which com- 
pletely spans typical hardnesses 
(285-163 Bhn) reported in A.S.T.M., 
S.A.E., and government specifica- 
tions for pearlitic malleable iron. 

Mechanical Properties. Initial ex- 
perimentation of setting up draw 
heat treatment cycles indicated con- 
siderable unpredictable variation in 
mechanical properties in unma- 
chined test bars, particularly with 
respect to yield strength and elonga- 
tion. This variation was attributed 
to a minor out-of-round condition in 
cast bars and to warpage which 
resulted in too great a departure 
from axial loading while testing. 
Consequently, bars were machined 
from 0.625 to 0.505-in. diam. 
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The bars were tested in tension in 
a hydraulic testing machine of 
60,000-lb capacity, equipped with 
serrated grips. Strain measurements 
on one bar from each pair were 
made at each 100 pounds applied 
load with SR-4 strain gages cement- 
ed longitudinally onto the specimen. 
The free load cross head speed was 
0.007 in./min. Yield strengths at 0.1 
and 0.2 per cent offset, and yield 
points at 0.5 and 1.0 per cent total 
extension were obtained from the 
derived stress-strain curves. Typical 
stress-strain curves are shown in Fig. 
2. Mates to these bars were tested at 
a free load cross head speed of 0.033 
in./min; yield points were deter- 
mined by dividers method at 0.5 and 
0.1 per cent total extension. 


Complete tension testing results 
together with Brinell hardness made 
on the center of a transverse section 
of the grip end of the test bar are 
shown in Tables 1 and 2. Odd num- 
bered bars were tested with SR-4 
strain gage, while data for even 
uumbered bars were obtained by 
means of dividers. The relationship 
of tensile strength, yield strength 
(0.2 per cent offset), and elongation 
to Brinell hardness, shown in Fig. 3, 
was obtained by the method of least 
squares to determine the best fitting 
straight line through the experi- 
mental data. 


Microspecimens were taken 2 in. 
from the fracture on bars ©: ~“pre- 
sentative hardnesses over the entire 
hardness range (163-285 Bhn) to 


illustrate the progressive change in 
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Fig. 2.. Oil quench and draw produce greater toughness. 








Table 1 . . Mechanical Properties of Air-Cooled and Drawn Test Bars 








Test Tensile Yield Strength (psi) Elongation 
Bar Bhn Strength Total Extension Offset 
No. psi 1.0% 0.5% 0.2% 0.1% Per Cent 
41 293 RE Geet). Pemiies *~ Soteeed oy, Seana 4.0 
42 293 118,800 ree. - Sieiteee ~~ Bride wees 3.0 
43 ae% 116,700 ae. Seer .vetea | sede 3.5 
44 285 eee: SG aeawe — W eeaee eee Loken 4.0 
45 269 118,800 80,000 71,500 71,000 67,000 5.0 
46 269 114,000 ee; ~ aaeeeeees ° ledeee s laees 5.0 
47 262 109,100 74,200 66,200 66,000 63,000 6.0 
48 262 107,000 CC = Oe eee eee 6.0 
49 255 110,200 72,500 65,800 65,000 61,000 8.0 
50 248 109,200 RRR OO Se ee 6.5 
1 217 92,200 59,400 53,000 51,100 48,200 7.5 
2 229 95,600 64,600 ae.) heats > ~ 4 .wasee 78 
3 207 88,200 55,900 50,500 49,100 47,200 10.5 
4 217 92,500 64,400 a ie. aateace 10.0 
S 207 85,800 56,000 51,000 49,800 47,600 7.0 
6 202 87,700 60,000 EE! xt Lama. eats 8.0 
7 192 82,000 54,400 50,100 49,400 48,000 fe 
8 202 83,100 59,500 A idews. © “ecans 9.0 
9 179 74,100 48,900 45,800 44,900 43,000 11.0 
10 179 75,000 53,200 Sd ee = linia 11.0 
1 174 73,500 47,900 44,000 43,000 41,900 9.0 
12 179 75,500 52,500 AS ee en 13.5 
13 170 73,300 48,200 44,800 43,800 42,200 14.5 
14 170 71,600 50,000 an? “xaiten |. | peme's 13.0 
15 163 67,500 46,000 43,100 42,300 41,000 12.0 
16 163 67,700 48,200 ee ee 15.0 
17 149 61,600 41,900 39,100 38,200 36,500 12.0 
18 149 66,000 45,300 ee tee! ~~ Megas 16.0 
19 143 61,000 40,000 37,200 36,500 34,200 15.5 
20 146 61,000 43,600 MF ke hee ems dls 16.0 





microstructure and the effect on 
mechanical properties with heat 
treatment. Photomicrographs at 163, 
187, 207, and 241 Bhn for oil- 
quenched and drawn, and air-cooled 
and drawn pearlitic malleable iron 
are shown in Fig. 4. 

Machinability test coupons were 
4x 4x %-in. blocks, cast and proc- 
essed under the procedures used in 
the preparation of the tensile test 
bars. Some blocks were re-heated to 
1570 F (854 C) and oil quenched to 
obtain a fully martensitic matrix. 
Others were retained in the air- 
cooled condition after first stage an- 
neal. All were drawn for varying 
times at 1200 F (649 C) to secure 
hardnesses of 262 to 137 Bhn. 


One-eighth inch of metal was re- 
moved from the cope surface of 
each block, preparatory to drill 
testing, to expose uniform interior 
metal and to eliminate surface fac- 
tors. Brinell impressions were made 
on the cope surface after the removal 
of the eighth-inch of metal, and mi- 
crospecimens were taken 1/2 in. from 
the edge opposite the gate. 

Drilling tests were conducted at 
the University of Michigan Metals 
Processing Laboratory with % in. 
diam., high-speed steel, ferric oxide- 
coated drills of approximately 3 in. 
flute lengths, 0.051-0.055 in. web 
thicknesses, ground on a drill grinder 


for a relief angle of 6 degrees. Drills 
were mounted in a 25-in., box-col- 
umn, upright drill press. Standard 
conditions of speed and feed were 
480 rpm and 0.007 in./min. 

A floating vise was mounted on 
the drill press in such a way that 
the thrust component of power 
could be determined by means of 
SR-4 strain gages, while the torque 
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component was determined fror : 
changes in a magnetic field cause 
by a core mounted to the vise su 


port moving within a separate: ° 


supported coil. These electrical ir - 
pulses were amplified and automat 

cally recorded on strip charts. Pre - 
vious to drill testing, the equipme: 

was standardized for torque an 
thrust by means of a torque ba 

and pressure gage respectively. 

In order to compensate for an 
slight dimensional variations in we) 
thicknesses, chisel edges, cuttin 
edges, or concentricities of the drills 
and also to remove any personal 
bias, test blocks were randoml 
arranged in groups of ten. Using on 
drill, a single hole was drilled in 
each of the blocks within one group. 
Repeating this procedure for each o! 
the other three drillings provided 
values of torque and thrust for fou: 
independently drilled holes in each 
block. Before proceeding to the next 
group, drills were resharpened. 

The range of values for torque or 
thrust from any one test block could 
be compared with those obtained 
trom any or all the others to insure 
the absence of assignable causes for 
variation. As there was no indica- 
tion of assignable causes for varia- 
ton, torque or thrust values were 
averaged to obtain the best estimate 
of their true value. Averaged values 
for torque and thrust were converted 


Table 2 .. Mechanical Properties of Oil-Quenched and Drawn Test Bars 

















Test Tensile Yield Strength (psi) Elongation 
Bar Bhn Strength Total Extension Offset 

No. psi 1.0% 0.5% 0.2% 0.1% Per Cent 
51 321 127,700 112,700 103,000 109,500 105,800 3.5 
52 321 128,200 = =—=i(“#s hens > =. “ccgeeee. | ~ aes 2.0 
53 285 117,900 100,200 95,500 97,500 95,000 5.0 
54 277 116,100 ee a 4.5 
55 269 111,000 93,000 89,000 91,000 88,200 5.0 
56 269 112,000 Se 6.5 
57 262 114,000 88,000 85,200 86,200 84,300 4.0 
58 262 107,800 —- aseftes swede | aeere 6.0 
59 255 105,600 83,800 81,900 82,000 79,800 7.5 
60 248 100,400 ee - teeet  ehaee — celeibnia 6.5 
21 223 95,400 74,100 73,200 73,100 72,200 7.5 
22 229 96,600 79,500 . ao ee 6.0 
23 217 91,000 69,000 68,200 68,200 67,600 7.0 
24 212 93,700 71,200 RS or ee 8.0 
25 207 88,800 65,000 63,000 62,600 62,000 11.0 
26 207 90,600 67,000 ER 12.0 
27 202 83,000 62,000 60,900 60,700 60,500 11.5 
28 207 86,200 63,600 RRS 12.0 
29 197 83,400 60,100 59,000 58,700 58,500 11.5 
30 202 85,200 63,000 ae ae ee 13.0 
31 192 82,400 58,700 58,200 58,200 58,100 13.0 
32 202 82,700 61,600 ee a tieaetas (4) leans 13.0 
33 183 79,200 56,000 56,000 56,000 56,000 14.0 
34 187 80,700 59,900 a ee | elle 15.0 
35 183 77,700 54,200 53,900 53,800 53,500 14.0 
36 183 77,600 57,500 C—O ee 14.0 
37 163 68,100 47,000 46,800 46,800 46,800 15.0 
38 163 69,700 51,600 er” -- Sages | ees 15.5 
39 156 65,900 46,100 45,000 44,900 44,200 14.0 
40 163 69,700 51,400 rae 15.0 
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Fig. 3a . . Best straight line relationships of tensile strength . . . 
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Fig. 3c ..determined by the method of least squares. 


to units of horsepower developed to 
remove a cubic inch of metal per 
minute by means of relationships 
contained in related reference mate- 
rials.1 Unit horsepower determina- 
tions together with Brinell hard- 
nesses are given in Table 3; shown 
graphically in Fig. 5. 

Due to the similar microstructure 
of a pearlitic malleable machinability 
block and a test bar drawn to the 
same hardness, the expected yield 
strength (0.2 per cent offset) of a 


machinability block was determined 
from its Brinell hardness by means 
of Fig. 3. The relationship of unit 
horsepower to yield strength is 
shown in Fig. 6. 

After the solution of primary 
cementite and the nucleation and 
growth of temper carbon nodules 
from the as-cast structure, which is 
accomplished during first stage an- 
neal, the structure of the matrix can 
be changed to any of the forms de- 
scribed in the literature on steel by 


n 
2 
~I 


variation of cooling rate and draw 
heat treatment. 

Microstructure. Two fundamen- 
tally different types of microstruc- 
ture determined by the rate of cool- 
ing are obtained prior to the draw 
operation. Cooling in air (a rela- 
tively slow rate of cooling) produces 
a microstructure of temper carbon 
nodules surrounded by bulls-eyes of 
ferrite in a matrix of lamellar pearl- 
ite (Fig. l—right). By reheating 
material of this microstructure to 
above the critical temperature, 
transforming pearlite into austenite, 
and quenching in oil (a relatively 
fast rate of cooling), a microstruc- 
ture of temper carbon nodules in a 
matrix of martensite is formed (Fig. 
1—left). The distinct difference in 
hardness, 285 Bhn for the air-cooled 
structure and 600 Bhn for the oil- 
quenched structure, is a result of the 
form in which the carbon (other 
than temper carbon or graphite) is 
distributed. 

The rate of decrease in hardness 
during the initial stages of the draw 
heat treatment of oil-quenched iron 
is greater than in air-cooled iron. 
However, this difference exists only 
until a hardness of about 241 Bhn 
is reached; then the rate of soften- 
ing appears to be similar for both 
structures. Bain,? in his discussion on 
Engel’s work,* describes a similar oc- 
currence in 0.94 per cent carbon steel 
when drawn at 1200 F (649 C). The 
higher rate of softening is attributed 
to initial structural changes occur- 
ring more rapidly in martensitic-type 
structures. 

The softening of a graphite-free, 
martensitic structure is due to the 
increase in FesC particle size, to- 
gether with strain release of the fer- 
rite. FesC tends to change toward 
the condition of apparent maximum 
stability which is in the form of 
spheroidized carbide. However, due 
to the chemical composition of 
malleable iron and the presence of 
temper carbon nodules, second stage 
graphitization competes with the 
tendency toward coalescence of FesC, 
both contributing to softening. 

In general, softening of the 
pearlitic matrix proceeds in a similar 
manner; that is, coalescence of FesC 
together with the strain release of 
ferrite. Due to the presence of some 
lamellar pearlite at any hardness 
within the pearlitic malleable range, 
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ir-cooled and drawn material can 
e distinguished from that originally 
aving a fully martensitic structure, 
e., oil-quenched and drawn. 
Persistence of lamellar pearlite is 
ypical of a draw heat treatment 
emperature below the critical, and 
s the reason why it is difficult to 
pheroidize the coarser lamellae of 
arbide without heating into the 
austenite range. Microstructure or 
air-cooled and drawn iron of 241-163 
Bhn shown in Fig. 4 indicates soften- 
ing, for the most part, is the result 
of second stage graphitization with 
a minimum of carbide coalescence, 
as evidenced by the persistence of 
lamellar pearlite and the smaller size 
and amount of coalesced carbide. 


Mechanical Properties. It is to be 
emphasized that air-cooled and oil- 
quenced pearlitic malleable iron of 
essentially the same chemical com- 
position will have different micro- 
structures. Although these micro- 
structures will respond in a similar 
manner to draw heat treatment to 
the same hardness, a difference in 
microstructure will persist, and dif- 
ferences in mechanical properties are 
to be expected. 

A constant relationship (with 
small deviation) between hardness 
and tensile strength, yield point, and 
elongation of a number of oil- 
quenched or water-quenched steels 
drawn to various identical hard- 


nesses is reported by Janitzky and 
Baeyertz.* That such a relationship 
can also be 
quenched malleable iron is most 
probable when the presence of tem- 
per carbon nodules of graphite is 
recognized as essentially the only 
difference in structural constituents. 
Differences in carbon and silicon in 
solution would not be expected to 
destroy the probability of this rela- 
tionship. However, in consideration 
of investigation by Schneidewind and 
Reese,® variations in metal composi- 
tion and heat treatment can be ex- 
pected to cause deviations from the 
relationships shown in Fig. 3, 
Get Different Properties 

Significant deviation in mechani- 
cal properties between oil-quenched 
and drawn and air-cooled and drawn 
test bars at the same hardness are 
evident in Fig. 3. Most apparent is 
the increasing difference in yield 
strength as the hardness increases 
from 163 to 285 Bhn. The difference 
in yield strengths is least at 163 
Bhn because the microstructure 
(Fig. 4) in either case is approaching 
that of fully annealed ferritic malle- 
able iron which, for cupola-air fur- 
nace duplexed iron of this foundry 
is 37,500 psi at 140 Bhn. 

Stress-strain curves of Fig. 2 in- 
dicate a sharp-kneed diagram results 
from oil-quenched and drawn test 
bars, while a more rounded knee is 


developed by oil-- 











































































































Fig. 5... Machining power related to hardness of heat treatments. 
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obtained for air-cooled and drawn 
test bars. Plastic deformation com- 
mences at a higher applied stress for 
oil-quenched material at the same 
hardness as air-cooled. This is at- 
tributed to the difference in distribu- 
tion and arrangement of ferrite and 
cementite. The greater area con- 
tained under an oil-quenched, stress- 
strain curve indicates the superior 
toughness of this material at the 
same hardness as air-cooled. The 
average modulus of elasticity in all 
cases is approximately 26 X 10° psi. 

Machinability. Present machin- 
ability ratings are based on Taylor 
speed, which refers to the surface 
speed at which the metal can be cut 
permitting a definite tool life. Taylor 
speed for AISI-B-1112 Bessemer 
free-cutting steel is considered as 
100 per cent. Pearlitic malleable iron 
on the Brinell hardness range 180- 
200, is reported as 90 per cent, and 
in the 200-240 range as 80 per cent.® 
The indefiniteness of these ratings is 
apparent by the recent incorporation 
of machinability power requirement 
in specifications for pearlitic malle- 
able iron. While microstructure is 
generally recognized as a controlling 
factor on machinability, there is no 
description of microstructure for 
Taylor speed ratings of pearlitic 
malleable iron. 

Machinability vs. Microstructure 

Recognition that metal cutting 
involves plastic flow plus either ten- 
sile or shear failure suggests a prob- 
able relationship of machinability to 
mechanical properties of material as 
determined by micro-structure. 

An investigation has been initiated 
to determine the effect of different 
type microstructures and resultant 
mechanical properties on the power 
required to remove a specific amount 
of metal per unit time. A general 
linear relationship of Brinell hard- 
ness to unit power shown in Fig. 5 
indicate that power increases with 
hardness. A significant change in 
the relationship occurs at 241-235 
Bhn in the air-cooled and drawn 
material. A typical micro-structure at 
this hardness is shown in Fig. 4. 
This change is attributed to the rela- 
tively uninterrupted distribution of 
pearlite, the subsequently increased 
strength and hardness of this type 
matrix, and its resistance to cutting. 

Figure 3, yield strength and per 
cent elongation in particular, indi- 
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Table 3 . . Machinability Data 





Test 4 Unit 
Block Horsepower 
No. Bhn HP/in. */min 





Oil-Quenched and Drawn 





45 262 1.094 
46 255 1.073 
47 241 1.053 
48 229 1.011 
49 207 0.950 
50 183 0.867 
51 174 0.847 
52 156 0.805 
53 153 0.804 
54 146 0.784 
55 255 1.053 
56 241 1.011 
57 223 0.950 
58 207 0.929 
59 202 0.908 
60 179 0.866 
62 149 0.744 
63 140 0.784 
64 137 0.743 


Air-Cooled and Drawn 





69 241 0.991 
67 235 0.950 
68 217 0.908 
65 217 0.867 
66 197 0.867 
70 241 1.032 
71 235 0.950 
77 217 0.908 
73 207 0.888 
80 187 0.826 
79 187 0.867 
76 166 0.785 
74 143 0.743 


Ferritic Malleable 





81 134 0.724 





cates that, at the same hardness, oil- 
quenched and drawn pearlitic malle- 
able iron has greater toughness, 
suggesting a higher power require- 
ment to remove metal. The data of 
Fig. 5 together with reported power 
requirements of turning tests sup- 
port this contention. 

However, this hardness-power cor- 
relation does not take into account 
the factors of structure and mechani- 
cal properties. Correlation of yield 
strength (0.2 per cent offset) to unit 
power is shown in Fig. 6. In this case 
power requirements for both air- 
cooled and oil-quenched pearlitic 
malleable iron converge to that de- 
termined for completely annealed 
ferritic malleable iron. This is to be 
expected, as both the microstructures 
and mechanical properties have been 
previously shown to approach that 
of ferritic malleable iron at 140 
Bhn. The divergence at the higher 
values of yield strength is attributed 
to the different type microstructures 
(Fig. 4) and resultant strength rela- 
tionships (Fig. 3). Oil-quenched and 
drawn pearlitic malleable iron will 
have lower tensile strength or hard- 
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60 70 80 
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Fig. 6.. Machining power related to yield strength and treatments. 


ness at the same yield strength than 
when air-cooled and drawn, and 
offer less resistance to cutting. 

This would indicate that, on the 
basis of improved machinability, oil- 
quenched and drawn pearlitic malle- 
able iron could be used for A.S.T.M. 
grades 53004, 60003, and 70002 if 
design specifications are primarily 
on yield strength, which would ap- 
pear most likely, rather than tensile. 

Conclusions. On the basis of the 
work described in this paper the fol- 
lowing conclusions have been drawn: 

1. Mechanical properties of pearl- 
itic malleable iron depend upon the 
quality, size, shape, and distribution 
of the structural constituents. 

2. There exists a relationship be- 
tween hardness and microstructure 
that permits the prediction of me- 
chanical properties. 

3. Oil-quenched and drawn pear!l- 
itic malleable iron at the same hard- 
ness as air-cooled and drawn exhib- 
its approximately the same tensile 
strength, but higher yield strength 
and greater elongation. 

4. Machinability, evaluated from 
drilling tests and expressed as horse- 
power to remove a cubic inch of 
material per minute, appears to be 
a function of yield strength. Power 
increases at approximately the same 
rate for both air-cooled and drawn 


and oil-quenched and drawn ferritic 
malleable over the average yield 
strength range of 37,500 psi to ap- 
proximately 50,000 psi. Above 50,- 
000 psi the power requirement for 
air-cooled and drawn malleable iron 
increases rapidly while that for oil- 
quenched and drawn continues to 
increase at a uniform rate. 
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EFFECTS OF MOLYBDENUM ON STABILITY 
AND HIGH TEMPERATURE PROPERTIES OF 
PEARLITIC MALLEABLE IRON 


By 


W. G. Scholz, D. V. Doane, and G. A. Timmons* 


ABSTRACT 

Molybdenum raises the elevated temperature prop- 
erties of steels; therefore, it would be expected to 
effect an improvement in the elevated temperature 
properties of pearlitic malleable iron. To obtain a 
quantitative evaluation of the effects of molybdenum 
on the stability and high temperature properties of 
pearlitic malleable iron, experiments were conducted 
with a commercial base composition to which were 
added the following amounts of molybdenum: 0.2, 0.3, 
0.5, and 0.75 per cent, respectively. Cast tensile blanks 
of the base composition and of the alloyed irons were 
subjected to a commercial primary graphitization treat- 
ment after which they were air quenched and subse- 
quently tempered to 229 BHN. The irons were tested 
in tension at room temperature, and at 1000, 1100, and 
1200 F (538, 593, and 649 C) after holding at these 
respective temperatures for time intervals of 1, 100, 
500, and 1000 hr. The five compositions were also 
tested at room temperature, 1000, and 1100 F after 
exposure to 1200 F for 1000 hr, and stress-rupture 
tests were run at 1100 F on specimens of each com- 
position which had previously been exposed to 1200 F 
for 1000 hr. 

In general, molybdenum was effective in retarding 
softening and secondary graphitization in the tempera- 
ture range 1000-1200 F; the alloyed irons developed 
higher yield and tensile strengths than the unalloyed 
iron at these temperatures after prolonged exposures. 
Subsequent to exposure of 1000 hr at 1200 F, the 
alloyed irons developed superior short time tensile 
strengths at all temperatures in the range 1000-1200 F, 
and higher stress-rupture values at 1100 F. 


Introduction 

Pearlitic malleable cast iron, because of its high 
strength, its ability to deform plastically to some 
extent, and its ready castability, has served well for 
numerous applications which require service at tem- 
peratures below 600 F. 

However, unalloyed pearlitic malleable iron is un- 
stable at elevated temperatures, the pearlitic matrix 
gradually changing to ferrite as the carbide decom- 
poses. The strength of the metal decreases as the 
temperature increases above 600 F; therefore, it has 
had only limited use at higher temperature levels, and 
where it has been used, the applied stresses have 


*Project Engineer, Research Supervisor, and Vice President- 
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been held to relatively low values to assure satis- 
factory life. Recognition of the valuable properties 
of pearlitic malleable iron, and knowledge of the 
improved high temperature tensile properties of steels 
alloyed with molybdenum, led to the consideration 
of developing an alloyed pearlitic malleable iron for 
high-temperature service. 

Experience with molybdenum as an alloying ele- 
ment in malleable iron has demonstrated that this 
element does not affect adversely the castability of the 
iron or the capacity to solidify white, and it retards 
only slightly the rate of primary graphitization. It 
was proposed, therefore, to conduct some experiments 
to determine the effectiveness of molybdenum in 
raising the high-temperature strength of a commer- 
cial grade of pearlitic malleable iron. 

The investigation was undertaken cooperatively by 
a commercial producer of pearlitic malleable iron, 
an industrial consumer of malleable iron parts for 
some high-temperature applications and the research 
laboratory of the authors’ company which was re- 
sponsible for the testing program. The program was 
designed to determine the effects of extended ex- 
posures to temperatures in the range 1000-1200 F 
(538-649 C) on the tensile properties at elevated 
temperatures of a commercial base iron composition 
and four modifications produced by adding 0.2, 0.3, 
0.5, and 0.75 per cent molybdenum, respectively, to 
the base composition. 

To conserve time and the limited number of sam- 
ples available, the program was divided into five 
parts: 

1) The determination of the tensile properties of 
the fully processed irons as received from the 
foundry, at room temperature and at 1000, 1100, 
and 1200 F (538, 593, and 649 C). 

2) The determination of the tensile properties of 
the compositions at 1000, 1100, and 1200 F after 
holding for 100, 500, and 1000 hr at these tem- 
peratures. 

3) The progress of graphitization at 1000, 1100, and 
1200 F as determined by hardness and micro- 
structures. 
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4) The determination of tensile properties of the 
irons at room temperature and at 1000, 1100, and 
1200 F after “stabilizing” by heating at 1200F 
for 1000 hr to produce maximum graphitization. 

5) The determination of 1100 F stress-rupture values 
of the base iron and two of the alloyed irons 
after ‘“‘stabilizing” at 1200 F for 1000 hr. 


Material 

The base composition selected for the investigation 
by the three cooperating groups contained 2.6 per 
cent carbon and 1.4 per cent silicon. To this com- 
position molybdenum was added in concentrations 
of 0.2, 0.3, 0.5, and 0.75 per cent, respectively. One 
set of test specimen blanks of the base composition 
and one set of each of the four alloyed compositions 
were cast by the commercial foundry. The specimen 
blanks were substantially in accordance with “al- 
ternate unmachined tensile specimens” of ASTM 
Specification A220-50, and were 634 in. long with 
54-in. diameter gage length; the end section of each 
was 13%-in. diameter and 5-in. long. 

The chemical compositions of the five irons are 
presented in Table 1. 


TABLE 1-— CHEMICAL COMPOSITIONS 








Set Total Combined 

No. Carbon,% Carbon,% Si,% Mn. % Mo, % 
4 2.55 0.64 1.37 0.40 0.01 
6 2.58 0.60 1.37 0.42 0.19 
7 2.53 0.78 1.41 0.42 0.32 

12 2.55 0.88 1.42 0.42 0.51 

11 2.55 0.81 1.46 0.44 0.75 





A boron addition of 0.0003 per cent was made to 
each heat, but the residual boron was not deter- 
mined analytically. 

All blanks were processed commercially by the 
cooperating foundry according to their regular pri- 
mary graphitization cycle (27.6 hr) and were air 
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PEARLITIC MALLEABLE IRo> 


— > =e 1200 F 


1000 HOURS 


“| Fig. 1—Tensile properties oi 

tempered pearlitic malleable irons 

after exposure to elevated tem- 
peratures. 


quenched from 1650 F (900 C). To obtain a com- 
mon hardness of approximately 229 BHN the fol. 
lowing tempering treatments were applied by the 
foundry: 





SetNo. Mo,% Temperature Time, hr Hardness 
4 0.01 1250 F (677 C) 8 229 
6 0.19 1250 F lly 229 
7 0.32 1250 F 1334 
+1300 F (704 C) 334 229 
12 0.51 1300 F 1014 229 
1 0.75 1300 F 934 229 


All bars were submitted in the “tempered con- 
dition.” 

Procedures and Results 
Tensile Properties as Tempered 

Standard ASTM (E8-42), 0.500-in. diameter ten- 
sile test specimens were used throughout the inves- 
tigation. 

Room temperature and short time (one hour at 
temperature) tensile tests at 1000, 1100, and 1200 F 
(538, 593, and 649 C) were performed on samples 
of each set in the tempered condition. 

Standard and elevated temperature extensometers, 
in conjunction with an automatic stress-srain re- 
corder, were used in all tensile tests. Yield strengths 
were determined from the recorded graphs by the 
0.1 per cent and 0.2 per cent offset methods. The 
specimens for the elevated temperature tensile tests 
were heated to the test temperature in an electric 
muffle furnace mounted directly on the testing ma- 
chine. The maximum variation from test tempera- 
ture was 15 F. 

Test results are presented in Table 2. The ele- 
vated temperature tensile test results are also pre- 
sented in graphical form in Fig. 1. 


Tensile Properties After Prolonged Exposure 
at Elevated Temperature 

The end sections, 134-in. diameter by 5%-in., of 
the submitted tensile test blanks were sawed off and 
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Fig. 2—Influence of time at temperature on hardness of 
pearlitic malleable irons originally tempered to 229 BHN. 


held for graphitization studies. Nine bundles of five 
tensile test blanks, one blank from each set, were 
wired together. Three of these bundles were sub- 
merged in each of three lead pot furnaces held at 
1000, 1100, and 1200 F, respectively. Oxidation of the 
lead was prevented by using a cover of charcoal. 
One bundle was removed from each furnace after 
96, 500, and 1000 hr, respectively. 

Tensile specimens machined from bars of the bun- 
dles which had been held for 96, 500, and 1000 hr 
at 1000 F, were reheated to 1000 F and tested in 
tension. The same procedure was applied to the bars 
which had been held at 1100 and 1200 F, i.e., bars 
were always tested at the same temperature to which 
they had been exposed previously. The results of these 
tests are given in Table 2 and are graphically illus- 
trated in Fig. 1. 

After the tensile tests had been completed, flats 


PEARLITIC MALLEABLE [RO 


were ground on the threaded sections of the broke , 
specimens for room temperature Brinell hardne: 
tests. The Brinell hardness values are also listed i 
Table 2. 


Hardness vs. Time and Temperature 

The 13%-in. diameter by 5%-in. sections whic! 
had been sawed from the submitted tensile blank 
were used to study secondary graphitization by har 
néss measurements and microscopic examination. Th 
samples were drilled and wired into stacks contain 
ing one sample from each set of irons. These stack 
were immersed in the lead pot furnaces, held a 
1000, 1100, and 1200 F, and were heated simultane 
ously with the tensile blanks previously described 

A stack of samples was removed from each fu 
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Fig. 3— Tensile properties of pearlitic malleable irons 
stabilized 1040 hr at 1200 F. 


TABLE 3— ROOM AND ELEVATED TEMPERATURE 
TENSILE PROPERTIES OF MALLEABLE IRON 
“STABILIZED” 1040 Hr aT 1200 F 











0.01 0.19 032 O51 0.75 
% % % % % 
Properties Mo Mo Mo Mo Mo 
Room Temperature 
TS, 1000 psi 47.3 47.2 520 549 58.7 
YS, 0.2%, Offset, 1000 psi 29.3 304 324 45.4 47.7 
YS, 0.1% Offset, 1000 psi 286 29.3 308 45.2 47.6 
Elong. in 2 in., % 685 HS HS 8.0 7.5 
Redn. of Area, % 150 116 12.0 8.9 7.5 
Hardness, BHN 113 114 123 141 146 
1000 F 

TS, 1000 psi 199 246 258 27.7 278 
YS, 0.2% Offset, 1000 psi 163 189 192 248  24.6* 
YS, 0.1% Offset, 1000 psi 15.5 18.2 18.1 23.5 23.3 
Elong. in 2 in., % 23.0 185 210 WO 115 
Redn. of Area, % 25.1 190 204 135 143 


Hardness, BHN,Rm. Temp. 112 115 120 140 148 
*Estimated 








1100 F 
TS, 1000 psi 13.8 19.6 176 23.3 23.8 
YS, 0.2% Offset, 1000 psi 10.6 14.6 14.0 192 21.0 
YS, 0.1% Offset, 1000 psi 10.0 13.8 135 17.7 188 
Elong. in 2 in., % 26.5 18.0 25.5 13.0 12.0 
Redn. of Area, % 279 239 273 185 15.7 
Hardness, BHN,Rm. Temp. 110 117 121 136 145 

1200 F 
TS, 1000 psi 8.1 127 1S 155 164 
YS, 0.2% Offset, 1000 psi 5.4 8.5 74 13.6 15.4 
YS, 0.1% Offset, 1000 psi 4.8 75 6.5 12.3 14.1 
Elong. in 2 in., % 265 235 305 175 13.0 
Redn. of Area, % 289 328 275 208 17.2 


Hardness, BHN,Rm. Temp. 108 113 120 141 140 
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race after 514, 7/4, 11, 1514, 2134, 3034, 4314, 63%, 
8, 310, 625, and 840 hr. Rockwell B_ hardness 
\alues were determined on these specimens and al- 
©) on the threaded sections of the broken tensile 
‘st specimens described earlier. The hardness values 
ere converted to Brinell hardness numbers and are 
lotted against time at temperature in Fig. 2. 
The microstructures of the irons as-tempered, and 
{ter 1000, 1100, and 1200 F are presented in Figs. 
through 8. Specimens for metallographic exami- 
ation were cut from the gage section of ruptured 
tensile specimens. 


“Stabilization” or Treatment to Produce 
Maximum Graphitization 

In an attempt to graphitize the irons completely 
and thus to develop a matrix structure of ferrite 
only, several experiments were conducted with the 
small disc sections cut from the submitted bars. Re- 
tarded cooling from 1600 F to 1275 F, (108 hr) 
and prolonged exposure to 1200 F, (1040 hr) were 
among the experimental heat treatments. 

Of all the treatments tried, the exposure to 1200 F 
for approximately 1000 hr produced the lowest hard- 
ness consistently in all compositions; therefore, this 


TaBLE 4— 1100 F Srress-RupTuRE DATA FOR IRONS 
“STABILIZED” 1040 Hr at 1200 F 








Set Mo, Stress, Rupture Elong., Red. of 
No. % psi Time,hr %in2in. Area,% 
4 0.01 6500 95.2 31.0 25.0 
5000 246.3 27.0 24.8 
4500 647.4 28.5 13.0 
4000 1397.4 15.5 21.9 
6 0.19 9500 35.6 36.2 26.8 
8000 131.3 38.0 24.0 
7000 $11.4 $2.5 23.4 
5900 1190.0 24.0 22.5 
5300 2227.9 25.0 22.4 
12 0.51 10000 37.5 18.5 18.4 
8500 121.1 17.5 19.5 
6000 966.0 19.5* 54 
5200 2555.2 10.5 13.0 


*Values indefinite because section broke out at fracture. 
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TABLE 5 — STRESS FOR TOTAL DEFORMATION OF 0.2, 
0.5, 1.0, 2.0, AND 5.0 Per CENT IN 100 ANp 1000 Hr 
AT 1100 F For Irons “StTasiLizep” 1040 Hr at 1200 F 


Stress for Indicated Total Deformation 
at Indicated Times (psi) 














Set 
No. Mo, % 5% 2%, 1% 05% 0.2%, 
100 Hr aA. 
4 0.01 5000 4400 += 3800 <t -_ 
6 0.19 6900 5800 5100 4600 (3900) 
12 0.51 8300 7400 6000 5000 (3900) 
1000 Hr 
4 0.01 3800 3350 2800 om = 
6 0.19 5100 4400 3800 (3400) (2900) 


12 0.51 5500 4600 3900 (3100) (2450) 
(—) Extrapolated Value 





treatment was adopted as the “stabilization” treat- 
ment for a series of specimens to be tested for ele- 
vated temperature strength and for stress-to-rupture 
at 1100 F. Heat treatment was accomplished in a 
lead bath. 


Tensile and Stress-Rupture Properties 
of “Stabilized” Irons 

Conventional tension tests at room temperature 
and short time tension tests at 1000 and 1100 F 
were made on specimens which had been “‘stabilized” 
at 1200 F for 1000 hr. The complete test data are 
presented in Table 3; the yield and tensile strength 
data are presented graphically in Fig. 3. 

Stress-rupture tests at 1100 F were conducted on 
“stabilized” specimens of the base composition and 
of the alloyed compositions which contained 0.19 and 
0.51 per cent molybdenum. The heat-treated blanks 
were machined to standard 0.505-in. gage diameter 
specimens; these specimens were tested in accordance 
with ASTM recommended practice E-85. Complete 
1100 F stress-rupture data are presented in Table 4, 
and the stress-rupture time curves are shown in Fig. 4. 

Deformation was measured during stress-rupture 
testing; stresses to produce total deformations of 0.1, 


Fig. 4— Stress rupture-time curves at 1100 F for three 
pearlitic malleable irons stabilized 1040 hr at 1200 F. 
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0.2, 2.0, and 5.0 per cent in 100 and 1000 hr at 
1100 F were derived from the deformation data and 
are presented in Table 5. 
Discussion 

The primary purpose of the project was to de- 
termine if the elevated temperature strength of pearl- 
itic malleable iron could be improved significantly 
by alloying. Since the nature of the product re- 
quired that it be cast white and subsequently treated 
to produce nodules of graphite, not all the alloying 
elements usually added to steel to develop high-tem- 
perature properties can be added to malleable iron. 

The alloying element, molybdenum, however, is 
effective in raising the high-temperature properties 
of steel and has no adverse effect upon the process- 
ing of malleable iron, except that a slightly longer 


“4 ° 





Fig. 9 — Microstructure of 0.19 per cent molybdenum iron 
stress-rupture specimen ruptured after 1190 hr at 1100 F at 
5900 psi stress. Etched — 4% Picral; 2% Nital. X1000. 


time for primary graphitization may be required. 
Therefore, a preliminary investigation has been 
undertaken to explore the possibilities of improv- 
ing the high-temperature properties of a commercial, 
pearlitic malleable iron by alloying with molybdenum 
in concentrations up to 0.75 per cent. 


Material 

For the preliminary investigation, to eliminate as 
many variables as possible, an established base com- 
position and processing schedule were selected. The 
base iron was alloyed with four increasing concen- 
trations of molybdenum, 0.19, 0.32, 0.51, and 0.75 per 
cent. The commercial primary graphitization sched- 
ule usually applied to the base composition was used 
for all compositions. Metallographic examination re- 
vealed that no primary cementite remained ungraphi- 
tized in the compositions containing up to 0.51 per 
cent molybdenum; less than 1 per cent undecom- 
posed primary cementite remained in the composi- 
tion containing 0.75 per cent molybdenum. 

The commercial, primary graphitization cycle in- 
cluded an air-quench from 1650 F. The rate of cool- 
ing produced by the air-quench developed a pearl- 
itic matrix in the base composition and the low 
molybdenum iron (0.19 per cent molybdenum) , but 
it developed bainite in the irons containing 0.51 and 
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0.75 per cent molybdenum. The cooling rate w:s 
apparently “critical” for the iron containing 0.32 per 
cent molybdenum; some of the treated bars co: - 
tained a pearlitic matrix, other bars of the same 
composition contained a bainitic matrix, and in som: 
instances both structures were present in the sam? 
test bar. The structure variable in this iron com- 
plicated the interpretation of results. 

After the air-quench, all samples were tempered 
to produce a uniform hardness of 229 Brinell. The 
tempering treatments for the irons alloyed with moly! 
denum required appreciably longer times and higher 
temperatures to produce the desired hardness. 

The room temperature tensile strengths of the five 
compositions “as tempered” were similar, as would 
be expected, since they had all been heat treated 
to produce the same hardness; the yield strengths, 
however, increased with the molybdenum content 
when the original (air-quenched) matrix structure 
was pearlite; i.e., up to 0.32 per cent molybdenum. 
The yield strength of the 0.51 per cent molybdenum 
iron was essentially equal to the yield strength of 
the 0.32 per cent molybdenum iron, and the yield 
strength of the 0.75 per cent molybdenum iron was 
slightly lower; both of these compositions transformed 
to bainite during the air-quench. 


Testing Program 


The testing program was arbitrarily established to 
provide an evaluation of the respective compositions 
for such an application as pistons for diesel en- 
gines in which the iron must operate under stress 
at temperatures in the range 1000-1200 F for rel- 
atively long periods of time. For the investigation, 
1000 hr was selected as the maximum exposure time. 
To evaluate the rates of softening and secondary 
graphitization, small specimens were exposed to the 
three temperatures, 1000, 1100, and 1200 F, for in- 
creasing intervals of time, then the hardnesses of 
these specimens were determined and their micro- 
structures were examined. 

The short time tensile strength at each of the 
three temperatures, after exposure to the tempera- 
ture for given time intervals up to 1000 hr, was 
selected as a measure of the effect of time and 
temperature on the high temperature mechanical 
properties of a composition. To provide a further 
measure of the elevated temperature properties of 
the compositions, the short time tensile test at 1000 
and 1100 F was applied to specimens of each com- 
position that had been “stabilized” by holding them 
at 1200 F for 1000 hr, a treatment selected to pro- 
duce the minimum hardness and strength for each 
composition. 

The stress-rupture test (ASTM E-85) has been 
widely accepted for the evaluation of metals to serve 
under constant stress at a given temperature; there- 
fore, this test was also conducted to evaluate the 
effect of molybdenum on the high temperature prop- 
erties of malleable iron. The base composition and 
the two compositions alloyed with 0.19 and 0.51 per 
cent molybdenum, respectively, were subjected to 
the standard stress-rupture test at 1100 F after the 
stabilizing treatment. 
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Test Results 

Examination of the test data revealed that the 
ligh temperature properties of pearlitic malleable 
iron could be improved markedly by alloying with 
molybdenum, but the improvement in properties did 
not progress consistently with increasing molybdenum 
additions. The structures developed during the air- 
quench which followed the primary graphitization 
were found to exert a strong influence on the me- 
chanical properties at elevated temperatures, even 
after tempering to a common hardness; the effects 
of the differences in initial structure must be con- 
sidered in the interpretation of the results. 

The spheroidization and dissociation of cementite, 
and the consequent reduction of room-temperature 
hardness upon exposure to temperatures in the range 
1000-1200 F (Fig. 2), were retarded by the molyb- 
denum additions, but the incremental molybdenum 
additions appeared to be most effective in the com- 
positions containing 0.19 and 0.32 per cent molyb- 
denum, respectively, which had transformed to pearl- 
ite during the air-quench. 

The two compositions alloyed with 0.51 and 0.75 
per cent molybdenum, respectively, had transformed 
to bainite during the air-quench and they, therefore, 
exhibited a slightly more rapid rate of softening than 
the composition which contained 0.32 per cent molyb- 
denum. However, the two more highly alloyed com- 
positions developed higher room-temperature hard- 
nesses after holding at 1100 and 1200 F for 1000 hr. 

The results of the short time tensile tests at 1000, 
1100, and 1200 F, as applied to the “as tempered” 
bars (one hour exposure to temperature before test- 
ing) showed that for the pearlitic matrix there was 
a progressive increase in tensile and yield strengths 
at each temperature as the molybdenum concen- 
tration was increased from 0.01 to 0.19 per cent 
and from 0.19 to 0.32 per cent. 

When the two consistently pearlitic irons, the base 
composition and the iron alloyed with 0.19 per cent 
molybdenum, are compared on the basis of the ten- 
sile results after prolonged exposures to the same 
three temperatures, it is observed that the alloy ad- 
dition has caused an increase in yield and tensile 
strengths in every instance where exposure conditions 
of time and temperature are equal. 

The irons alloyed with 0.51 per cent and 0.75 
per cent molybdenum apparently transformed to sim- 
ilar bainitic microstructures during the air-quench, 
at least, the microstructures of the “as tempered” 
specimens were almost identical (Fig. 5). Compari- 
sons of the tensile test data for these two com- 
positions showed little advantage to be gained by 
increasing the molybdenum content from 0.51 per 
cent to 0.75 per cent when the original matrix 
structure was bainite. 

Hardness test data, short time tensile test results, 
and metallographic observations provided evidence 
that the irons were structurally unstable in the range 
1000-1200 F. The hardness data, as plotted in Fig. 
2, indicated that there would be a marked deteri- 
oration of properties of all the compositions over 
periods of 1-400 hr at 1100 F and 1-100 hr at 1200 
F whether or not the metal was stressed at these 
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temperatures. To avoid metallurgical changes dur- 
ing long-time testing under constant stress-constant 
temperature conditions, the stress-rupture specimens 
were heat treated to “stabilize” their structures. 

It was expected that holding the specimens at 
1200 F for approximately 1000 hr would produce 
uniform structures of ferrite and nodular graphite 
in all the irons, and that the high temperature prop- 
erties would be functions of the concentration of 
the alloying element dissolved in the ferrite. Metal- 
lographic examination of “stabilized” specimens re- 
vealed that the equilibrium phases for the base com- 
position and the iron alloyed with 0.19 per cent 
molybdenum were ferrite and graphite; however, the 
structures of the “stabilized” samples of the irons 





Fig. 10 — Microstructure of 0.51 per cent molybdenum iron 
stress-rupture specimen ruptured after 966 hr at 1100 F under 
6000 psi stress. Etched — 2% Nital. X1000. 


alloyed with 0.32, 0.51, and 0.75 per cent molyb- 
denum were observed to comprise three phases: fer- 
rite, graphite, and a small amount of another phase 
occurring as tiny particles uniformly dispersed 
throughout the ferrite (Fig. 8). 

To assist in the identification of the dispersed 
phases present in the metallographic specimens, x- 
ray diffraction patterns were obtained for a number 
of samples. The x-ray data showed that the pre- 
dominant third phase in the “as tempered” specimens 
of all the irons was cementite, Fe,C, and that 
after 100 hr at 1200 F, Fe,C was eliminated from 
these structures. In the 0.51 per cent molybdenum 
and 0.75 per cent molybdenum compositions after 
1000 hr at 1200 F, the dispersed third phase was 
identified as Fe,Mo,C. The combined carbon con- 
tents of these compositions after stabilization were 
approximately 0.04 per cent. 

In the short time tensile test at 1000-1200 F after 
stabilization at 1200 F for 1000 hr, the iron alloyed 
with 0.19 per cent molybdenum sustained appreciably 
higher stresses than the base composition and at 
each temperature the irons alloyed with 0.51 and 
0.75 per cent molybdenum sustained higher stresses 
than either of the other two alloyed irons. On the 
basis of the short time tensile test data for 1100 
F, the iron alloyed with 0.19 per cent molybdenum 
and the iron alloyed with 0.51 per cent molyb- 
denum were selected for comparison with the base 
composition in stress-rupture tests at 1100 F. 

The results of stress-rupture tests showed that the 
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iron alloyed wih 0.19 per cent molybdenum had 
a capacity to sustain 6000 psi stress for 1000 hr; 
whereas the base composition showed a capacity to 
sustain a stress of only 4100 psi for 1000 hr. Al- 
though, for a rupture life of only 100 hr, the 0.51 
per cent molybdenum iron could sustain a slightly 
higher stress than the 0.19 per cent molybdenum 
iron, when the rupture life was 1000 hr the two 
alloyed irons had equivalent strengths. 

A partial explanation of the stress-rupture results 
is suggested in the photomicrographs of the com- 
pleted stress-rupture specimens for the two alloyed 
irons. The relatively large amount of dispersed third 
phase, Fe,Mo,C, in the more highly alloyed iron 
would be expected to account for a higher short time 
tensile strength, whereas the coarser grain size of the 
ferrite in the less alloyed iron would be expected to 
favor high stress-rupture and creep values. 


Summary 

The mechanical properties of pearlitic malleable 
iron in the temperature range 1000-1200 F can be 
improved markedly by alloying with molybdenum. 
Molybdenum does not interfere with the ordinary 
processing of pearlitic malleable iron except that 
somewhat longer times may be required for primary 
graphitization as the molybdenum content is increased 
and longer times and/or higher temperatures are 
required for tempering to produce a given hardness. 

In the temperature range 1000-1200 F molybdenum 
was found to retard the rates of softening and sec- 
ondary graphitization and to raise the short time 
tensile and yield strengths of the metal after ex- 
posures up to 1000 hr. Stress-rupture tests on speci- 
mens “stabilized” by holding at 1200 F for 1000 
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hr showed that the stress to produce rupture in 
1000 hr at 1100 F was increased almost 50 per 
cent by alloying with approximately 0.20 per cen: 
molybdenum. 

The matrix structure developed in alloyed pear! 
itic malleable iron before tempering was found to 
exert a strong influence on the mechanical prop 
erties of the metal in the range 1000-1200 F; an 
original pearlitic matrix developed higher short time 
tensile strengths after prolonged exposures than an 
original matrix of bainite. It is suggested, that the 
most efficient use of molybdenum as an alloying 
element to increase the high temperature properties 
of pearlitic malleable iron may require a controlled 
cooling rate, or perhaps an isothermal treatment, 
to develop a lamellar pearlitic matrix prior to 
tempering. 

The results of this preliminary investigation in 
dicate that molybdenum-alloyed pearlitic malleable 
iron parts may operate at elevated temperatures 
under stresses appreciably higher than those now 
considered practical for the unalloyed iron. 
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MACHINABILITY TESTING - RELATION BETWEEN CUTTING 
TEMPERATURE AND TOOL LIFE FOR GRAY IRONS 


E. A. Loria* and D. R. Walker** 


ABSTRACT 

Both unalloyed and alloyed gray irons were used in 
machining tests designed to show the relationship 
between tool life, tool temperatures and cutting forces. 
Tool life was determined by measuring flank wear on 
carbide tools when machining the surface of individ- 
ually cast rings of 7-in. ID, 9-in. OD and 1-in. thick- 
ness at a speed of 315 fpm. The cutting forces and 
temperatures generated under the same _ conditions 
completed the picture of the interrelating factors 
governing machinability. A chip-tool life thermocouple 
technique was developed for this purpose. Cutting 
forces and temperatures have been successfully used 
as a guide in evaluating tool life on gray irons. Under 
given operating conditions and with work materials 
having similar machining properties, this method can 
be used as a short cut, replacing time and material 
consuming wear tests. The studies support the belief 
that lower forces and temperatures often mean greater 
tool life. 


Introduction 

The purpose of this paper is to show the relation- 
ship between tool life, tool temperature, and cutting 
forces for a series of unalloyed and alloyed gray irons. 
Such an integrated study has never been made before 
for gray iron and confirms the thesis that lower forces 
and temperatures often mean greater tool life. 

A cutting tool may fail in three general ways. First, 
if cutting forces are excessively high, if the tool is 
brittle, or if there is chatter or intermittent cutting 
a tool can fail through chipping of the cutting edge 
or by a complete fracture of the tool tip. Usually 
tool failures of this first type are limited to cases 
in which there is poor rigidity of tool or work, or 
when the tool material is a hard carbide or diamond. 

The second type of fracture is a temperature fail- 
ure. Essentially all the energy input to a metal cutting 
process is expended in deforming the chip or in fric- 
tion between the tool and chip. Almost all this energy 
ends up in the form of heat, and as a consequence 
the tip of a cutting tool can attain a high tempera- 
ture. If the rate of energy input to the tip of a tool 
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becomes too large, the tool reaches a temperature 
where it becomes too soft to function properly and 
failure occurs. The second type of tool failure general- 
ly takes place quite abruptly and is frequently ac- 
companied by sparking. 

The third and most common type of tool failure 
is that produced by gradual wear which usually ap- 
pears as a wear land along the clearance face of the 
tool and may be accompanied by a cratering of the 
rake face. Occasionally a wear crater grows to such 
an extent that a tool becomes weak and fractures, 
but in general a tool is considered to have “failed” 
where the wear land on the clearance face has at- 
tained an arbitrary length. 

Gradual wear is due in part to plowing or gouging 
of the tool by carbides or other hard particles in 
the work material and in part to the loss of tool 
material from the breaking of welds which form be- 
tween tool and chip or work as the work and chip 
slide along the tool. Welding wear is promoted by 
clean surfaces, high pressures, and high temperatures, 
all of which are present in the cutting process. High 
temperatures also serve to increase tool wear by soften- 
ing the tool and thus causing a larger proportion of 
the welds to break within the tool material. 

The experiments reported in this paper are con- 
cerned with tool wear of the gradual type. It is shown 
that under constant conditions of speed and feed, tool 
life decreases with increasing cutting forces and tem- 
peratures. These results are in agreement with the 
aforementioned wear mechanism. An increase in cut- 
ting forces generally means an increase of pressure 
between work and tool if other conditions are kept 
constant. An increase in cutting forces also serves to 
increase the rate of energy input to the tool and, 
thus, to raise its temperature. 

It should be mentioned that an increase in cutting 
forces does not always mean a decrease in tool life. 
For example, tool life is often improved in the cut- 
ting of mild steel and many non-ferrous materials if 
the work material is in a cold worked state. Cold 
working tends to increase cutting forces, but also tends 
to improve the cutting process by decreasing the 
amount of chip deformation and reducing the tend- 
ency of a built-up edge to form on the tool. 
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MACHINABILITY TESTING GRAY IRONS 





Fig. 1 — Complete testing apparatus. 


Test Procedures 

A tool life test on gray iron rings has been devised 
which closely simulates the machining conditions 
found in critical sections of commercial castings.2_ In 
this type of test facing cuts are made on test rings 
of 7-in. ID, 9-in. OD and 1%-in. thickness at a cer- 
tain speed, and tool life is determined by measuring 
the wear on the flank of the carbide cutting tool. 
More complete details can be found in the original 
reference. Such tests have been extended to include 
the relative machinability of unalloyed and alloyed 
irons having the same base chemistry.* 

Some of these irons have been used in the present 
study of correlating tool life with tool temperature. 
These tool life studies on machining the as-cast sur- 
face to a depth of 4, in. at a speed of 315 fpm 
provide information on the hard “skin” of gray iron 
at a sensitive machining speed for carbide tools. The 
cutting forces and temperatures generated under the 
same conditions complete the picture of the interre- 
lating factors governing machinability. These meas- 
urements have been made by the M.I.T. Metal Cut- 
ting Laboratory employing the chip-tool thermocouple 
technique developed by Shaw and his associates* to 
measure machining temperatures. 

Temperature and force measurements were made 
on the four types of gray iron given in Table 1. To 
provide structural variations that would be expected 
to produce differential heating effects, unalloyed and 
alloyed irons were included. Irons A and B were un- 
alloyed while iron C had the same base chemistry 
with a nickel addition to tighten up the matrix struc- 
ture. Iron D had molybdenum-chromium added to 
produce an additional hardening effect. Carbide tools 
having the geometry listed in Table 2 were used. 
In the tool temperature tests facing cuts of 4 ,¢-in. 
depth at a speed of 315 fpm were made on the rings, 
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Fig. 2— Tool temperature test in progress. 


the feed per revolution being 0.004 in. The tool was 
held in a tool post dynamometer which measured the 
power (tangential) and feed (radial) components of 
the cutting force. Dynamometer readings were taken 
with a strain recorder. 

Figure 1 shows the complete lathe apparatus and 
Fig. 2 a close-up view of a machining test in progress. 
The gray iron ring is held in the chuck, but is in- 
sulated electrically from it. A wire is attached to the 
ring and connects to a rod which runs through the 
head of the lathe and ends in a commutator consist- 
ing of a copper disc running in mercury. A lead 
from this commutator is attached to a recording po- 
tentiometer. The other potentiometer connection is 
to the tool via a ground to the lathe bed. The hot 
junction of the thermocouple formed in this manner 
is the tool-chip interface while the cold junction is 
composed of the potentiometer terminals. 


Results and Discussion 

Temperature measurements were made on surface 
cuts and on cuts made after the surface had been 
removed. No difference was found in the indicated 
temperatures perhaps because even on a surface cut 
most of the material removed can be considered “sub- 
surface” because of the 4,-in. depth of cut. Re- 
liable force measurements could only be made after 
the surface layer was removed since the unevenness 
of th as-cast rings made a uniform depth of cut 
difficult. 

The technique used for the temperature calibra- 
tion of the cast iron rings vs. the carbide tool was 
to immerse a portion of tool material and a length 
of work material in a lead alloy bath along with a 
standard thermocouple. Thermal voltages produced 
when the bath was heated and cooled were recorded 
for both the standard thermocouple and the tool ma- 
terial—work material thermocouple. A cross plot was 


TABLE 2— CarBipE Toot SHAPE UsED 








Brin- K6 tungsten carbide — back rake 0° 

Iron TC Si CE Mn P S$ Ni Mo Cr ell side rake 0° 

end relief 5° 

A $.41 2.19 4.14 0.90 0.09 0.09 — 0.08 0.09 223 side relief 5° 

B 3.43 2.21 4.16 0.91 0.10 0.10 - 0.08 0.02 223 end cutting edge 0° 

Cc $3.36 2.23 4.08 0.91 0.10 0.12 0.75 0.10 0.12 248 side cutting edge 0° 
D 3.38 2.16 4.10 0.88 0.08 009 — 0.59 0.38 293 nose radius 0.015 in. 
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Fig. 3— Tool-work thermocouple calibration curve for gray 
iron vs. K-6 tungsten carbide thermocouple. Reference junc- 
tion 70 F. 


then made using the known emf-temperature relation- 
ship of the standard thermocouple. 

A tool-work thermocouple calibration curve is 
shown in Fig. 3. The curve takes a slight bend at 
about 1350 F. This bend may be due to an allotropic 
transformation in the gray iron. If such a transfor- 
mation does occur at this temperature it most likely 
would not occur in cutting because of the rapidity 
of heating in the cutting process. 

The results of cutting force and temperature meas- 
urements on the gray iron rings are given in Table 
3, together with the tool life data obtained previous- 
ly.8 Under the same machining conditions it can be 
seen that there is a good correlation in the data. As 
expected, the unalloyed irons A and B were the most 
machinable and had the lowest force and tempera- 
ture values. The nickel-bearing iron C had interme- 
diate values. The chromium-molybdenum iron D gave 
the lowest tool life and generated the highest force 


TABLE 3 — Toot TEMPERATURE, FORCE AND 
WEAR MEASUREMENTS 








Thermal Temp., Power Feed Tool 

Iron EMF, mv oF Force,lb. Force,lb. Wear* 
A 6.5 1075 161 129 12.0 
B 6.2 1025 141 125 12.2 
Cc va 1240 181 234 6.3 
D 9.6 1440 219 238 4.7 


* Cubic inches of metal removed to produce 0.015-in. wear land, 
tests made by Battelle Memorial Institute. Data are for facing 
cuts of 14¢-in. depth at 315 fpm. 
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Fig. 4— Tool lite and power vs. tool temperature for irons 
A to D. Operating conditions: 315 fpm speed, 1/16 in. depth 
of cut, 0.004 ipr feed. 


and temperature values. The results, shown graphical- 
ly in Fig. 4, do confirm the opinion that lower forces 
and temperatures often mean greater tool life, even 
in a free-machining material such as gray iron. 

The microstructures for this series of rings corre- 
late well with the tool life and temperature results, 
refer to Fig. 5. In the unalloyed irons A and B, 
varying amounts of large patches of primary ferrite 
are observed in the pearlite matrix. The nickel in 
Iron C produces little if any primary ferrite and re- 
fined the lamellar pearlite matrix as a whole. The 
strong carbide-stabilizing effect of chromium in iron 
D produces primary carbide grains (5 to 10 per cent) 
which reduce tool life significantly. In effect, both 
tool life and temperature are benefitted by more fer- 
rite in the microstructure, a coarser pearlite spacing, 
and the elimination of even small percentages of car- 
bide particles. 

The results obtained in the present investigation 
show that cutting temperatures and forces can serve 
as a criterion for evaluating relative tool life under 
given operating conditions and with work materials 
having basically similar machining properties such as 
the gray irons used. To measure cutting forces and 
temperatures under a given set of conditions takes 
only a few minutes. To conduct a wear test under ° 
the same conditions may take several hours or even 
days and requires much more work material. More- 
over, force and temperature measurements in cutting 
are generally more reproducible than wear measure- 
ments and may prove to be of value in acceptance 
testing and quality control of cast irons. 
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Fig. 5 — Microstructures in areas to be machined. A, un- 
alloyed iron A; B, nickel alloyed iron C; C, chromium- 
molybdenum alloyed iron D. Nital etch. Mag. — 500X. 


DISCUSSION 


Chairman: J. T. MAcKenzir, American Cast Iron Pipe Co.., 
Birmingham, Ala. 





MACHINABILITY TESTING GRAY IRON 


Co-Chairman: J. H. Kimes, Jr., Lufkin Foundry & Machin: 
Co., Lufkin, Texas. 

Secretary: H. L. Laroret, Lakey Foundry Corp., Muskegon 
Mich. 

NorMAN ZLAtTIN! (Written Discussion): Authors Loria and 
Walker have presented some interesting and important data ir 
their correlation between cutting temperatures and forces anc 
tool life. As they mention in their paper, lower forces and 
temperatures often mean greater tool life. Cutting temperature 
and forces on the tool, greatly influence the fate of wear on 
the tool and hence tool life. However, whether the material tc 
be cut is gray iron or some other metal, there are additional 
factors also involved. As we all realize, machining is a complex 
operation. There are certain factors which affect tool life and 
which apparently are not fully evaluated by either cutting 
temperature or forces. The abrasive character of microconstitu 
ents in the metal to be cut, such as free carbides, the work 
hardening capacity of the metal, the manner in which wear 
progresses on the tool, all play an important part in the rapidity 
with which tool failure occurs. 

The net effect of all of the complex factors which determine 
the rate of wear on the tool is obtained in actual tool life tests 
conducted under practical conditions. Tool life curves thus 
obtained furnish data from which not only can speeds and 
feeds be selected, but also the required number of machine tools 
to meet production needs can be foreseen. 

To attempt to measure tool life indirectly by determining 
the magnitude of a few of the factors which affect tool wear 
may be misleading. An example illustrating this is shown in 
Figs. A and B. The data were taken from the U.S. Air Force 
Machinability Report, 1951. The tool temperatures and tool 
life values are compared for two heat treated forms of SAE 
8640 steel — annealed (50% pearlite, 50% ferrite) and spheroid- 
ized. As shown in Fig. A, both steels exhibit the same tool 
temperature and yet there is considerable difference in the tool 
life values for the two steels. A similar situation could exist 
for some of the cast irons or other metals. 

It is these exceptions that demonstrate the need for even 
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further work similar to that presented here. As more of this 
type of work is carried on, sufficient data may eventually be 
available to permit predicting tool life with the same accuracy 
as obtained in actual tool life tests. This paper is a step in 
that direction. 


F. W. Boutcer? (Written Discussion): The authors are to be 
congratulated on their efforts to simplify machinability testing 
procedures. Measurements of tool forces and tool-chip interface 
temperatures are considerably quicker and cheaper than tool 
wear measurements. Therefore, it is interesting to know that 
the three different methods rated the author’s four gray irons 
in the same order of machining quality. This is not always true 
for other metals. 

Tn testing 9445 steels, for instance, Chao and ‘Trigger* found 
that cutting temperatures increased but cutting forces decreased 
as the hardness increased from 283 to 401 Brinell. Furthermore, 
in their tests, increasing the cutting speed increased cutting 
temperatures but decreased cutting forces. Apparently tool-chip 
interface temperatures are influenced by the tool-chip contact 
area as well as tool forces. Consequently, it appears that small 
differences in chip characteristics can influence the temperatures 
developed during machining. Such differences may upset the 
relationship between forces and cutting temperatures. For these 
reasons, the authors’ cautions about generalizing from their 
studies are worth repeating. 

Table 3 shows that the power force exceeded the feed force 
in tests on irons “A” and “B” but that the reverse was true 
while machining irons “C” and “D”. It would be interesting to 
have the authors’ explanation for this difference in behavior. 


L. V. Cotwett and K. F. Packer? (Written Discussion): We 
are pleased to see further investigation into the working rela- 
tionships between cutting temperatures, cutting forces, and 





*B. T. Chao and K. J. Trigger. “Cuttings Temperatures and Metai 
Cutting Phenomena,” Transactions, A.S.M.E., pp. 777-793, August, 1951. 
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resulting tool life. Much work needs to be done to provide a 
basis for a short time test to predict tool life. The authors are 
to be congratulated on making another significant contribution 
to this basis. r 

It is logical to expect that tool life is determined, at least in 
part, by cutting temperature and cutting forces or particularly 
cutting pressures in the zones where significant tool wear occurs. 
There are two parts to this problem. The first concerns the 
dependent relationship between the rate of energy release and 
the resulting temperature, and the second part concerns the 
dependent relationship between cutting temperature and 
pressures as causes and rate of tool wear or resultant tool life 
as the result. 

The authors have shown as summarized in their Fig. 4 that 
cutting temperature increases with increased rate of energy 
release as manifested in increased cutting or power force. 
Further, they have demonstrated that higher temperature re 
sults in higher rate of tool wear as manifested in shorter tool 
life. 

It is doubtful whether the linear relationships shown in Fig. 4 
apply to the general case of metal cutting particularly since no 
theoretical basis has been offered for expecting a linear relation 
ship. However, the properties represented in the four gray irons 
constitute a limited range of properties for materials in 
general, and they would not necessarily be expected to reveal 
non-linear relationships experimentally. These data do repre 
sent a significant contribution when added to similar informa 
tion for other metals and structures since such experimental 
evidence is necessary to reveal the true nature of the problem 
and the nature of the theories which must be brought to bear. 

The writers of this discussion have had some recent experi 
ence along this same line. This experience appears to indicate 
that tool wear in general breaks down into at least two distinc 
tive types: one that is predominantly temperature dependent 
and another, in a region of lower temperature where the wea 
rate appears to be influenced primarily by unit pressures and 
distinctive properties of the work microstructure. Thus, as 
cutting conditions result in progressively lower cutting tempera 
ture there appears to be a transition from a predominantly 
temperature-dependent situation toward the other extreme 
where considerable differences in tool wear are observed with 
little change either in cutting temperature or cutting force. 
It has been our experience that the use of imbedded thermo- 
couples in the cutting tool yield more consistent information, 
particularly at cutting conditions where rate of tool wear is 
dependent more upon microstructure. 

We wish to take exception to a statement in the last para- 
graph of the paper as follows: “To measure cutting forces and 
temperatures under a given situation of cutting conditions takes 
only a few minutes.” Obviously, the measuring of temperature 
by the tool-work thermocouple method must include the sub- 
stantial time required to calibrate the thermocouple, and since 
each new tool-work combination must be calibrated, we ques- 
tion whether this procedure should be represented as a “short 
time test.” 

Cutting temperature and force measurements do offer con 
siderable promise as a reliable basis for predicting tool life. 
This approach can become truly “short time” with the use of 
imbedded thermocouples. It is probable that the “short time” 
may have to be lengthened sufficiently to determine the rate of 
increase in both temperature and cutting force as functions of 
the rate of tool wear. This can still require substantially less 
time than is presently required for obtaining a complete cutting 
speed-tool life curve. Once more, we wish to congratulate the 
authors for a substantial contribution toward this objective. 


V. Pascukist (Written Discussion): If a definite relationship 
between cutting forces and tool temperature on one hand and 
tool life on the other can be established, significant savings in 
testing can be achieved. The tool-work thermocouple indicates, 
of course, an average temperature, and it is conceivable that 
two tools of the same material have the same average tempera- 
ture, resulting from different temperature distributions. In 
that case markedly different life times may be obtained. Thus. 
it would seem to the writer, that an exploration of the tempera- 
ture distribution in the tool would be a necessary prerequisite 
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for accepting the criteria suggested by the author as charac- 
teristics of tool life. Measurement of the temperature distribu- 
tions in the tool is difficult. The writer hopes to proceed to 
such investigations in the course of a study, the beginning of 
which has been sponsored by the A.S.T.E. The study is to be 
carried out by computation by electric analogy, that is by the 
same technique which over the last ten odd years has been 
applied successfully to solidifications studies under the sponsor- 
ship of the AFS Heat Transfer Committee. The first step in 
the cutting study has been completed and dealt with the tem- 
perature rise in the workpiece under greatly simplified condi- 
tions. 


Mr. Loria (Author’s Closure): The authors wish to express their 
thanks to the several discussors for their interest and comments. 
Figure 6 is included to illustrate the actual apparatus for the 
tool life test. It can be compared directly with the cutting tem- 
perature test equipment shown in Fig. 1 and 2. Spinning of 
the test specimens permits high machining speeds and the ring 
design offers adequate material for testing. 

Messrs. Colwell and Packer have advocated the use of thermo- 
couples imbedded in the tool in preference to the tool-work ther- 
mocouple technique described in this paper. While it is true that 
no need for thermocouple calibration exists if a standard pair 
of metals is used, the effort involved in determining thermo- 
electric behavior for various tool-work combinations is not as 
laborious as Messrs. Colwell and Packer state. It is not necessary 
to calibrate each tool-work combination. Rather each tool or 
work material may be calibrated against a standard and the char- 
acteristics of any particular tool-work combination obtained by 
suitable addition or subtraction of calibration values. 

An additional argument favoring the use of tool-work thermo- 
couples in preference to those imbedded in tools is that the 
tool-work type generally yield a more accurate indication of the 
average temperature between chip and tool because of the lack 
of separation of the thermocouple location and the temperature 
to be measured. There are thus no steep temperature gradients 
to contend with, and the errors due to cooling effect of cutting 
fluids are eliminated. However, it should be mentioned that the 
tool-work thermocouple method suffers in that it is, at best, ca- 
pable only of measuring the average interface temperature be- 
tween tool and chip and that it can lead to erroneous results 
when a large built-up edge is present. 

The authors are in full agreement with the comment that the 
linear relationships shown in Fig. 4 of the paper are not sig- 
nificant. No attempt has been made to justify or derive a linear 
relationship between tool life, temperatures and power force. 
The straight lines of Fig. 4 are shown simply to indicate trends 
shown by the data and represent a fair fit over the limited range 
of the data. 

The answer to Mr. Boulger’s question concerning the feed 
force-power force ratio is not a simple, direct one. Inasmuch as 
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Fig. 6 — Tool life test in progress. 


tools having zero degree rake angles were used in the tests of 
Table 3, the ratio of the feed force to the power force is an ex- 
pression for the nominal coefficient of friction between chip and 
tool. The fact that this coefficient of friction was less than one 
for irons A and B but greater than one for irons C and D can 
partly be attributed to the differences in hardness and structure 
of the specimen materials which would affect sliding contact 
between chip and tool. 

However, in metal cutting, the nominal coefficient of friction 
between chip and tool is not only a function of the nature of 
sliding contact between chip and tool but also a function of 
such variables as the shear angle, cutting temperature, flow stress 
of the work, strain hardening characteristics of the work, and 
the rake angle of the tool. Variations of the coefficient of friction 
thus reflect changes in the chip formation process as well as 
actual friction properties. 

The fact that prediction of relative tool life by means of force 
and temperature measurements does not always preclude the 
necessity for making direct life measurements has been empha- 
sized by Mr. Zlatin and coincides with the authors’ opinions as 
expressed in this paper. Even if a series of materials such as the 
irons of this paper show a good correlation of tool life with 
force and temperature measurements, actual life tests must be 
performed in order to determine life quantitatively so that eco- 
nomic decisions concerning production can be made. However, 
once a correlation between forces, temperatures, and tool life 
has been established for a series of materials, the shorter, cheaper 
tests of this paper can be of considerable use in maintaining 
standards and in qualitative comparisons. 











SHORT-TIME ELEVATED TEMPERATURE PROPERTIES 


OF THREE COPPER-BASE CASTING ALLOYS 


J. O. Edwards* 


Introduction 

With the steady rise of steam temperatures and 
pressures in boiler practice over recent years, there 
has been increasing interest in the properties of cop- 
per-base casting alloys at these higher temperatures. 

It has been known for some time!-* that additions 
of greater than 214 per cent each of nickel and tin, 
to copper-base casting alloys will produce material 
capable of age-hardening reactions. While some doubt 
was expressed in early work? it is now apparent that 
copper-nickel-tin alloys containing lead will also age- 
harden if given appropriate heat treatment.5 The 
lead is generally a desirable addition for its bene- 
ficial effect on fluidity and pressure tightness, and, on 
occasion, for better machinability and resistance to 
galling. 

It was thought that these alloys might show prom- 
ise for high-pressure steam applications, and a pro- 
gram was carried out to determine the effect of age- 
ing for periods of up to 20 weeks at temperatures 
from 450-650 F (232-343 C) on a number of alloys.® 
With this completed, short-time elevated temperature 
tests were carried out on three of the alloys, to give 
data on which a creep program could be based. The 
creep testing continues, and this report contains the 
results of the preliminary short-time elevated tem- 
perature tests. 

Choice of Alloys 

Of the limited number of alloys tested in the pre- 
vious investigations on aging,® it was found that 
“Ni-Vee” alloy (88 per cent Cu- 5 per cent Ni- 5 per 
cent Sn- 2 per cent Zn) showed the maximum in- 
crease in strength after heat treatment, and that an 
alloy with 80 per cent Cu- 5 per cent Ni- 5 per 
cent Sn- 5 per cent Zn- 5 per cent Pb (Alloy No. 
11) also responded favorably. The standard Navy M 
alloy (85.5 per cent Cu- 0 per cent Ni- 6 per cent 
Sn- 4 per cent Zn- 1.5 per cent Pb) showed little 
or no response to ageing as it contains no nickel. 


* Research Metallurgist, Non-Ferrous Metals Section, Physical 
Metallurgy Division, Mines Branch, Department of Mines and 
Technical Surveys, Ottawa, Canada. 

Published by permission of the Deputy Minister, Department of 

Mines and Technical Surveys, Ottawa, Canada. 
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Since the latter alloy is a standard composition wide- 
ly used in the Foundry Industry, it was chosen with 
the other two for the elevated temperature and creep 


_— Melting, Casting and Analysis 

All metal was prepared in 200-Ib melts in a lift- 
coil induction furnace using good scrap from the pre- 
vious investigations. After deoxidation with phosphor 
copper, the metal was poured at temperatures within 
the range 2150-2030 F (1175-1110 C) into Dow-type 
test bar molds similar to that shown in Fig. 4. This 
design yields four satisfactory cast-to-shape copper al- 
loy test bars for each 18 lb of metal. (Bars of this 
type were not so satisfactory in copper alloys subject 
to high shrinkage, or heavy oxide skin formation.) 

The analysis of the various melts is given in Ta- 


ble 1. 
TABLE | — CHEMICAL ANALYSIS 





Cu, Ni, Sn, Zn, Pb, Fe, P, 

Alloy % % % % % % % 
Melt No. 199, Navy M 89.81 Nil 5.70 3.10 1.44 0.02 0.007 
Melt No. 197, Alloy 11 81.40 4.80 5.50 3.69 4.51 0.04 0.006 
Melt No. 201, Alloy11 81.45 4.78 5.67 362 4.65 0.03 0.006 
Melt No. 196, “Ni-Vee” 87.15 4.73 5.26 2.76 Trace 0.03 0.005 
Melt No. 200, “Ni-Vee” 87.90 4.75 5.08 2.12 0.03 0.02 0.005 








Heat Treatment 

As-cast bars from each alloy were aged for one 
week at 550 F (288 C). This treatment has little 
effect on the properties of the Navy M alloy. But_ 
it causes ageing effects which give significant improve- 
ment in the ultimate tensile strength and proof stress 
of the other two alloys, with a corresponding drop 
in elongation. 

Other bars made from the two alloys containing 
nickel were also solution treated for 5 hr at 1400 F 
(760 C). The “Ni-Vee” alloy was then oil quenched, 
while the other was air cooled, as the lead-contain- 
ing alloys cannot withstand the higher rate of cool- 
ing without cracking. After quenching or cooling, the 
bars were aged for one week at 550 F (288 C) as 
above, to promote ageing by precipitation mech- 


anisms. : 
Tensile Tests 
Each group of bars was tested at room tempera- 
ture and at 550 F, 600 F and 650 F (288 C, 316 C 
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Fig. 1 (Left), Fig. 2 (Center) and Fig. 3 (Right) — Eftect of elevated temperature on mechanical properties of nickel bronze. 
and 343 C). The rate of strain was the same in all 1, 2 and 3, respectively. i 
cases, the total time of testing being dependent on Discussion of Results ( 
the amount of extension of the test piece, but in no As shown in Table 2 and Figs. 1 and 2, the “Ni- t 
case exceeding three minutes. Vee” material gave the highest ultimate tensile ss 
The unmachined bars were tested at elevated tem- strength and proof stress values, under comparable n 
peratures after homogenizing for 30 minutes at the test conditions, especially at the highest testing tem- t 
specified temperature before straining, to ensure perature (650 F, i.e., 343 C). U 
temperature uniformity throughout the bars. It will be appreciated that this temperature is above : 
The average values of ultimate tensile strength, the melting point of the lead constituent in two of " 
proof stress and elongation obtained in these tests the alloys. Under the conditions of these experiments, . 
are given in Table 2, and are also plotted in Figs. however, there does not appear to be any sharp break " 
u 
on , an ‘ 7“ P 
Taste 2 — AveRAGE VALUES OBTAINED IN SHORT-TIME ELEVATED TEMPERATURE TENSILE TEsTs . 
Navy M Alloy No. 11 “Ni-Vee” BHN 
Alloy Testing UTS, 0.2% PS, Elongation,%, UTS, 0.2% PS, Elongation,% UTS, 0.2% PS, Elongation, % a 
Condition Temperature kpsi kpsi in 2-in. kpsi kpsi in 2-in. kpsi kpsi in 2-in. a 
As-Cast Room 44.7 19.1 —)©6hlCee 23.3 11.2 50.2 21.4 36.4 80 te 
550F (288C) 30.8 14.5 19.8 34.0 17.7 9.0 42.7 17.9 30.7 d 
600F (316C) 26.7 14.6 13.0 34.3 17.4 10.2 43.5 19.7 25.9 C 
650F (343C) 16.8 14.2 3.1 29.2 17.6 6.3 41.0 21.4 16.8 ti 
As-Cast Room 434 19.1 42.4 594 397 30 772 604 3.3 150 f 
(a) 550F (288C) 33.9 14.9 23.4 46.1 32.7 2.7 59.4 45.2 1.5 sl 
(a) 600F (316C) 28.5 15.1 15.0 41.5 30.1 2.0 60.7 56.8 2.2 n 
(a) 650F (343C) 20.3 15.1 3.5 37.9 26.8 2.3 58.1 52.2 22 
— A 
(b) Room 71.0 67.9 12 76.7 65.1 5.0 150 Cl 
Heat Treatment (b) + (d) + (a) (b) + (c) + (a) h. 
(c) 550F (288C) 56.3 51.3 1.0 59.9 56.2 2.7 b 
(d) 600F (316C) 52.3 . 0.7 53.4 52.0 1.7 . 
(a) 650F (343C) 28.0 ° 0.5 51.0 50.6 tt 
Heat Treatments il 
a = Aged | week at 550 F (288 C) » 
b = Solution treated, 5 hr at 1400 F (760 C) 
c = Oil quenched 
d = Air cooled * Too close to UTS values to permit use of extensometer. al 
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Fig. 4— Drawing of Dow-type test bar specifically designed 
for magnesium alloys but also used for certain copper and 
aluminum alloys. 


in properties between 600 F (316 C) and 650 F 
(343 C), that is, at temperatures below and above 
the melting point of the lead constituent. There is 
some exception to this in the case of the copper- 
nickel-tin-zinc-lead alloy (Alloy No. 11) which, when 
tested at 650 F (343 C), in the heat treated condi- 
tion, showed a marked fall in ultimate tensile strength, 
and had proof stress values so close to the ultimate 
tensile strength that the extensometer could not be 
used. No explanation could be found for this phe- 
nomenon which was unexpected in view of the reg- 
ular behavior of the heat-treated alloy at lower tem- 
peratures, and of the as-cast, and as-cast and aged 
materials at all temperatures. 

In previous work, as-cast alloy No. 11 had been 
aged for periods of up to 20 weeks at 650 F (343 C) 
and showed a steady increase in strength values. A 
few hours at 700 F (371 C) however caused a marked 
drop in properties, this being accompanied by a 
change in microstructure due to the heavy precipi- 
tation of another phase. Examination of the bars 
from the heat-treated alloy No. 11 showed definite 
signs of this precipitation. It is known that this phe- 
nomenon is dependent on the prior heat treatment, 
and also on the composition of the specimen, espe- 
cially the lead content. Thus, in this instance, the 
half-hour soak at 650 F (343 C) before testing, com- 
bined with the short stressing period at this tempera- 
ture may have been sufficient to initiate this reaction 
in the heat-treated material, causing the reduced prop- 
erties. 


It will be noted that in some instances the as-cast, 
and as-cast and aged alloys containing nickel showed 
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higher proof and ultimate tensile strength values when 
tested at 600 F (316 C) than at 550 F (288 C). 
This is probably due to increased ageing during the 
preliminary soak at 600 F (316 C). It would not 
be expected that similar results would occur in creep 
testing where times are sufficiently long to enable 
the material held at 550 F (288 C) to attain ap- 
proximately the same degree of precipitation harden- 
ing as at 600 F or 650 F (316 C or 343 C). 

The elongation values plotted in Fig. 3 show that 
although the nickel-free material, Navy M, has the 
highest elongation at room temperature, this falls 
steadily as the testing temperature is increased so 
that at 650 F (343 C) the elongation is close to that 
of heat treated “Ni-Vee” or Alloy No. 11, and some- 
what lower than that of the as-cast “Ni-Vee” and 
Alloy No. 11 at the same temperature. It is probably, 
however, that long term service at elevated tempera- 
tures would cause reduced elongation in the as-cast 
“Ni-Vee” and Alloy No. 11, due to continued ageing 
and precipitation phenomena. 


Conclusions 

Pending confirmation by creep tests, the data sug- 
gest that the nickel addition confers improved strength 
at elevated temperatures. These alloys may be suitable 
for valve seats, disks, glands, bushings and similar 
valve or pump trim applications. In such parts oper- 
ating in 550 F (288 C) steam, boiler water, or similar 
environments, ductility is a minor factor after the 
assembly has settled down to work, and improved 
performance should be realized from the increased 
strength and hardness of the alloys containing nickel. 
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DISCUSSION 
Chairman: T. E. Grecory, Michigan Smeltiny & Refining Div., 
Bohn Aluminum & Brass Corp., Detroit. 
Co-Chairman: G. E. BrapsHaw, Naval Shipyard, Philadelphia. 
R. A. Coton (Written Discussion1): The author is to be 
congratulated on adding valuable data in a field where far too 
little work has been done in the past. With interest in proper- 
ties of bronze at elevated temperatures growing, several attempts 
have been made in the past few years to compile data to guide 
specification writing groups. The lack of suitable data was 
most apparent and in view of the careful experimental tech- 
niques needed for such measurements, the author’s contribution 
is a valuable one. 
It is unfortunate that the author could not have expanded his 
investigation to include copper-base materials that show promise 
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for use at elevated temperatures. Similar data for silicon bronzes 
and aluminum bronzes would be of great interest. Also, ex- 
periments on “Ni-Vee” bronze with up to | per cent lead might 
prove worthwhile since the .alloy used in this investigation 
would necessarily have to be made from virgin metals and is, 
consequently, rather expensive. Use of a similar alloy with a 
higher lead tolerance such as has been suggested by J. S. Vanick 
would also be more economical, provided that the elevated 
temperature behavior were satisfactory. Continuation of the 
author’s work with the other type of “Ni-Vee” bronze is sug- 
gested. 

We find considerable interest in alloy No. 11 used by Mr. 
Edwards. This material, which is substantially an 85/5/5/5 
with 5 per cent nickel replacing 5 per cent copper, was the 
subject of considerable research by the writer a number of 
years back. Rather extensive investigations were made into the 
physical properties of this material at room temperature. It 
was found to be a superior alloy as far as strength and ductility 
were concerned. 

Lengthy foundry investigation with this material indicated, 
however, that the alloy had a rather strong tendency to pick up 
gas during melting and casting and was more difficult to control 
than the regular grade of 85/5/5/5. The castings came out of 
the sand with an excellent surface but subsequent machining 
indicated porosity below the skin. In view of the rather de- 
sirable elevated temperature behavior of this material, it might 
be worthwhile to reinvestigate the casting problem found with 
this alloy, with a view to its wider use. 

One of the problems that the writer encountered at the time 
that the work was underway on an alloy similar to No. 11 was 
the fact that no specification covered the use of this composition 
so that the acceptance of such a material would be predicated 
on having it included by specification writing groups. Should 
there be sufficient interest to warrant it, physical property data 
on this material are available to anyone who is interested. 

We hope that the author will continue his work in the field 
of short-time elevated temperature testing of copper-base casting 
alloys. There is such great need for carefully obtained physical 
property data of this type that the author will be doing a great 
service to the brass and bronze casting industry if he will con- 
tinue to obtain data of this type. Wider use of copper-base 
alloys can come about only when more useful information can 
be provided design engineers. 


H. J. Roasr (Written Discussion2): We have been familiar 
with age-hardening properties of nickel-tin and nickel-lead-tin 
bronzes caused by nickel and tin forming a constituent which, 
while completely soluble in the liquid metal, has only a limited 
solubility in the solid phase, resulting in precipitation of nickel- 
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tin compound with associated increase in some physical prop- 
erties. But this information has been confined to tests made 
at room temperatures. With the ever increasing steam tempera- 
tures, interest centers on the effect of such temperatures on the 
physical properties. This is the object of the work described in 
the paper under discussion. 

It would be of interest to know on what number of tests the 
average figures were based and what the maximum spread of 
the results was. The fact that tests made above the melting 
point of one of the constituents, namely lead, where only a little 
lower than those made below the melting point of lead suggests 
that spheroids or irregular masses of liquid material have little 
effect on the ultimate strength of the whole system. This being 
so, we need not be surprised that gaseous areas frequently have 
little effect on ultimate strength, although, under certain condi 
tions, gas may decrease pressure resistance. 

The writer understands that this paper is really one of four 
that have been, or are to be, undertaken. We shall await with 
interest the investigation of the creep qualities of these alloys, 
at room and elevated temperatures. The author is to be com- 
plimented on supplying practical and much needed data. 


W. W. Epens3: What is the effect of section thickness on the 
properties of nickel-tin bronzes? 

J. S. Vanick4: Effect of section thickness on properties of 
nickel-tin bronzes is illustrated in Table A and Fig. A. 


TABLE A — COMPOSITIONS IN STRENGTH VS. 
SECTION S1zE CASTINGS 





) oOo 
Analysis, % 





Type of Alloy Cu Sn Zn Pb Ni 
A Leaded Gun Metal 85 5 5 5 - 
B_ Ni Alloyed Gun Metal 86 3 5 4 2 
C_ Ni-Vee Bronze 88 5 2 _ 5 
D *Ni-Vee Bronze 88 5 2 _ 5 
T Tin Bronze 88 8 { — - 


Heat Treatment — 5 hr at 1400 F, then furnace cool to 1020 F 
and oil quench. Tempered at 660 F for 5 h: 
and air cool. 

Note: A,B,C,D =L. B. Pfeil, Metal Industry, June 18, 1954, 

. 527. 
T=W. J. Reichenecker, Materials & Methods, 
July, 1953, p. 81. 
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A SIMPLIFIED METHOD FOR 
DETERMINING RISER DIMENSIONS 


By 


H. F. Bishop, E. T. Myskowski, and W. S. Pellini* 


ABSTRACT 
Studies of the riser requirements for steel castings of 
simple shapes have shown that the usual complex surface 
area to volume relationships (shape factors) employed to 
calculate riser dimensions may be replaced with easily 
obtained shape factors expressed in terms of the length, 
width and thickness of the casting, SF—(L+W)/T. Em- 
pirical graphs relating riser volume to casting volume for 
all possible shape factors were developed which permit 
rapid determination of the minimum effective risers for 
simple castings. Procedures have also been evolved which 
permit minimum riser dimensions to be determined for 
complex shapes featuring appendages, such as thin sec- 
tions joined to the heavy section, and for shapes involv- 
ing retarded cooling rates such as cylindrical castings 
containing small cores. 
Introduction 
Until recently risering was almost entirely an art 
based upon the experience of the foundryman, since 
there were no quantitative data on positioning and 
dimensioning of risers. However, in the past few years 
several papers have been published which provide 
numbers and rules as guides. The authors’ previous 
reports,!+2,.3.4 have described the distances risers can 
feed to complete soundness in cast steel bars, plates 
and joined plates of dissimilar thickness, and data 
have been presented to show the extent to which 
casting edges and chills can be utilized to increase the 
feeding range of risers. Caine> provided a basis of 
scientific dimensioning by reducing the problem of 
choosing optimum riser sizes to mathematical formu- 
lae, but his method has the disadvantage of requiring 
numerous calculations. The present study was under- 
taken to simplify Caine’s method for choosing risers 
of optimum dimensions and to extend the method to 
cases of complicated castings. Caine’s original contri- 
bution is acknowledged by the authors as the basis 
for the work reported herein. 


Methods 
In the first part of the investigation, cube, bar and 
plate castings of different sizes were cast of Navy Class 
B steel having a nominal composition of 0.20/0.30%C, 
0.40/0.60% Si, and 0.60/0.80%Mn. All heats were given 
a final deoxidation treatment by the addition of 0.10% 
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of aluminum to the ladle and were poured at tempera- 
tures of 2950—2975 F. The castings were fed with 
risers of various diameters and heights. In all cases a 
mildly exothermic antipiping compound was used as a 
cover. Riser adequacy was determined by x-raying a 
l-in. thick vertical section removed from the center of 
the riser and the casting section immediately below it. 

The riser diameters and heights were viried until 
the minimum riser volume which would bring the pipe 
tip to the riser-casting contact line was determined. 
With experience, it was found that the minimum 
height could be established exactly by subtracting from 
the riser height the distance by which the tip of the 
riser pipe missed the riser-contact line. This procedure 
provides an accurate estimate if the “miss” is not in 
excess of 1 to 2 in. Considerable time was saved by this 
procedure after its validity was established. 

The second part of the investigation consisted of a 
study of the risering procedures for more complex cast- 
ings such as bushings and joined sections of dissimilar 
shape and thickness. The same procedures for determ- 
ining minimum riser sizes were followed. 


Simplified Calculation Method 

Recent solidification studies by the authors have 
shown that the calculation of relative freezing times 
from geometric shape provides exact information for 
simple shapes (true cubes, bars and plates) if suitable 
constants specific to the shape are used; for semi-bars 
and semi-plates the information is only approximate, 
and for highly complex castings it is erroneous. Actual- 
ly Caine’s methods apply to the case of simple and some 
moderately complicated shapes by virtue of the fact 
that the relationships are empirical, i.e., experimental- 
ly determined for castings of various shape factors. 
Thus, any simple expression of the casting shape re- 
lated empirically to riser requirements should serve 
equally as well as the cumbersome SA/YV ratios. 

It has been found in this investigation that the shape 
factor of a simple casting can be described by a simple 
relation of the length, width and thickness of the cast- 
ing, SF—(L+W) /T, and this serves as the basis of 
the proposed simplification of Caine’s risering method. 
The significance of this modification is that the time 
consuming SA/V calculations may be replaced by sim- 
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ple (L+W) /T calculations without affecting the end 
result, i.e., the accuracy of determining riser size. In 
addition the new method permits extension of the sys- 
tem to include determination of minimum riser sizes 
for complex castings containing joined sections of dif- 
ferent sizes and shapes which is not possible by the 

SA/V calculation approach. In the proposed system a 

cube always has a shape factor of (T+T) /T, or 2, 

irrespective of the actual value of T, a plate having 

dimensions of 2 x 25 x 25 in. has a shape factor of 

(25+-25) /2, or 25, a bar of dimensions 4 x 4 x 16 in. 

has a shape factor of (4+ 16) /4, or 5, etc. 

The minimum riser dimensions which were deter- 
mined experimentally for a variety of simple shapes 
are listed in Table 1, and those having riser height to 
riser diameter ratios between 0.5 and 1.0 are shown in 
Fig. | as a plot of shape factor versus riser volume ex- 
pressed as a fraction of the casting volume. The plot is 
restricted to risers of this range because: 

1) Risers having heights greater than their diameter 
are inefficient since additional metal is lost by solid- 
ification against the additional riser surface, thus 
reducing casting yield. 

2) Risers having heights of less than half their diam- 
eter, while having a high degree of efficiency, were 
considered to be impractical. Such risers require the 
use of diameters which are very large for the cast- 
ings involved. The added cleaning costs and close 
control required in pouring makes such risers un- 
desirable. 

Table 2 presents data on risers of various height to 





diameter ratios which illustrate the desirability of re 
stricting riser geometry to the H/D ratios presented in 
Fig. 1. Also shown in Fig. | are riser volumes required 
for a variety of simple shapes as calculated by Caine’s 
method. Riser volume to casting volume ratios were 
determined according to Caine’s procedures and 
plotted vs. the (L+W) /T of the castings. The exper 
imentally determined points and the calculated points 
are in close agreement and fall within a relatively nar 
row band, thus indicating a check with Caine’s exper 
imental data based on castings poured at various found- 
ries and also the validity of employing the simple 
(L+W) /T shape factor to replace the cumbersome 
freezing ratio 

S. A. Riser 

“VRiser / V Casting 
as a coordinate for expressing the shape factor of the 
casting. 

Variations of the experimental points between the 
upper and lower limits of the band result from foundry 
variables which are not always subject to exact con- 
trol. In adapting this method of choosing risers to any 
particular foundry it is recommended that risers first 
be chosen which correspond to the top region of the 
band. If by experience it is indicated that the riser vol- 
umes are excessive, the riser volume/casting volume 
ratios can be lowered or “shaped” on subsequent cast- 
ings. By such preliminary experimentation a line with- 
in the band will be established which will indicate the 
most efficient riser volumes for the practices used in 
that particular foundry. 


/ S. A. Casting 








TABLE 2 — Rv/Cv As A FUNCTION OF Riser H/D 











Casting _L4+W Riser Riser Vol. Vol. Casting 
Dimen., in. T D., in. H., in. H/D Riser, in.3 Cast. in.3 Rv/Cv Condition 
4x4x40 ll 5 20 4.0 390 640 0.61 NG 
2x12x12 12 4 ll 2.7 140 290 0.48 NG 
4x4x40 11 6 14 2.3 395 640 0.62 OK 
4x24x25 12.2 10 13 1.3 1020 2400 0.42 OK 
2x12x12 12 5 5 1.0 98 290 0.34 OK 
2x 12x12 12 6 31% 0.6 99 290 0.34 OK 
4x24x25 12:2 13 61, 0.5 865 2400 0.36 OK 
4x4x4 2 , 4p 7 1.5 110 64 1.7 OK 
4x4x4 2 5 3 0.6 59 64 0.92 OK 
4x4x4 2 6 1% 0.25 42 64 0.66 OK 
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TABLE 1 — MINIMUM RISERS ON SIMPLE SHAPES 











7 Vol. 
; ' / . , Min. Min. Vol. 
Casting _ L4+W Riser Used Min. Riser Riser, -Riser Cast., Casting 
Dimen., in. Z , D., in. H., in. D., in. H., in. H/D in.3 in.3 Rv/Cv Condition 
2x4x4 4 3 6 — - — — $2 _ NG 
2x3x7 5 3 4 _ _ -- _ 42 - NG 
2x4x8 6 3% 4 314 4 1.1 38.4 64 0.60 OK 
2x8x8 8 4 6 - - = - 128 -- NG 
2x8x8 8 41, 5 41% 4 0.9 63.6 128 0.50 OK 
2x8x8 8 5 214 5 24% 0.5 49 128 0.38 OK 
2x4x12 8 4 5% 4 5 1.4 70 96 0.73 OK 
2x4x12 8 414 5 4% 4 0.9 63.6 96 0.66 OK 
2x 12x12 12 4 ll _ _ _ ~ 288 a NG 
2x12x12 12 5 5 5 5 1.0 98 288 0.34 OK 
2x12x12 12 6 4 6 31% 0.6 99 288 0.34 OK 
2x 15x15 15 8 3 8 2 0.25 101 450 0.22 OK 
2x23x23 23 5 12 - — _ - 1060 i NG 
2x24x24 24 6 8 6 8 1.3 226 1150 0.20 OK 
2x25x25 25 7 5\r 7 5 0.7 193 1250 0.16 OK 
2x25x25 25 7 41% 7 414 0.6 175 1250 0.14 OK 
2x25x25 25 7 4 7 4 0.6 155 1250 0.12 OK 
2x25x25 25 8 3% 8 3 0.4 150 1250 0.12 OK 
2x 36x36 36 6 15 6 15 2.5 425 2590 6.16 Ok 
2x 36x36 36 8 8 8 6% 0.8 330 2590 0.12 Ok 
2x 36x36 36 10 5 10 4 0.5 353 2590 0.14 OK 
2x 36x36 36 12 614 12 414 0.4 510 2590 0.20 OK 
2x 36x 36 36 12 414 12 4 0.3 453 2590 0.17 OK 
3x3x9 4 4 4 4p 3% 0.8 56 81 0.69 OK 
3x6x12 6 5 5 5 5% 1.1 107 216 0.51 OK 
3x9x9 6 bY 7 5Y 6 Ll 143 245 0.59 OK 
3x6x12 6 6 4 6 3% 0.6 99 216 0.46 OK 
3x6x12 6 7 31% 7 2 0.3 79 216 0.36 OK 
3x9x 12 7 6 5 6 4% 0.75 127 325 0.39 OK 
3x9x 12 7 6 414 6 4 0.75 127 325 0.39 OK 
3x9x12 7 7 4 7 314 0.5 135 325 0.43 OK 
$x 12x12 . 6 5 6 5% 0.9 156 435 0.37 OK 
3x12x12 8 64% 5 614 5 0.75 165 435 0.38 OK 
3x12x12 8 7 4 7 33/, 0.5 145 435 0.33 OK 
$x9x15 8 8 114 8 3 0.4 150 405 0.36 OK 
3x 28x28 19 9 10 gy 10 1.1 635 2350 0.27 OK 
3x28x28 19 10 5 _ — — — 2350 _ NG 
3x28x28 19 10 8 10 8 0.8 630 2350 0.27 OK 
3x28x28 19 12 6 12 6 0.5 680 2350 0.29 OK 
tx4x4 2 4 41, - _ - - 64 —- NG 
1x4x4 9 41, 9 41 7 15 110 64 17 Ok 
tx4x4 2 5 4 5 3 0.6 58 64 0.92 OK 
ix4x4 2 6 2 6 1% 0.25 42.5 64 0.66 OK 
1x4x4 2 6 1% 6 lY% 0.25 42.5 64 0.66 OK 
7x7x7 2 9 7 9 5 0.5 $20 342 0.92 OK 
tx4x8 3 6 314 6 31% 0.6 99 128 0.77 OK 
#x4x12 4 41, = ~ — - 192 -- NG 
ix4x12 4 6 31% = - _ ~ 192 - NG 
4x4 12 4 6 6 6 5 0.8 141 192 0.72 OK 
ix4x12 1 6 5 6 5 0.8 14] 192 0.72 OK 
4x4x12 4 10 1% 10 1.2 0.12 94 192 0.49 OK 
1x4x17 5 5 6 _ — - - 272 _ NG 
4x4x18 bY 6 4% 6 { 0.7 113 288 0.40 OK 
4x4x20 6 5 7 - - - - $20 - NG 
4x4x20 6 7 5% 7 5 0.7 193 $20 0.60 OK 
4x4x20 6 7 4 7 ) 0.6 155 $20 0.48 OK 
4x4x28 8 7 6 7 6 0.8 232 448 0.53 OK 
4x4x28 8 1 lY% 1 1Y% 0.15 143 448 0.32 OK 
4x4x29 8 5 9 ~~ ~~ - ~ 465 = NG 
4x4x30 814 6 9 ~ - —- = 480 _ NG 
4x4x31 814 7 5 7 5 0.7 193 495 0.38 OK 
4x4x31 814 7 414 7 4 0.6 155 495 0.32 OK 
4x20x20 10 10 13 10 11 1.1 863 1600 0.54 OK 
4x20x20 10 10 11 10 11 1.1 863 1600 0.54 OK 
4x20x20 10 10 7 _ — _ _- 1600 = NG 
4x20x20 10 12 5% _ — _ _ 1600 NG 
4x20x20 10 13 7 13 514 0.4 735 1600 0.46 OK 
4x4x40 11 5 20 - — _ - 640 — NG 
4x4x40 11 6 20 6 14 2.3 400 640 0.62 OK 
4x24x25 12 10 13 10 13 1.3 1020 2400 0.42 OK 
4x 24x25 12 13 7 13 614 0.5 865 2400 0.36 OK 
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To facilitate the translation of riser volume deter- 
mined by Fig. 1 into riser dimensions, the chart of 
Fig. 2 was developed which interrelates riser heights, 
riser diameter and riser volume. The upper and lower 
curved lines on the chart connect points representing 
riser heights equal to 1 and to 14 times the riser diam- 
eter, respectively; hence all points within the band 
represent the most efficient and practical riser shapes. 
It has been observed from the many castings risered 
according to this system that when the riser volume, 
as indicated on the shape factor chart, is obtained with 
risers having dimensions such that they fall within ihe 
band of Fig. 2, the riser diameter is always siifficiently 
great to cause the riser to remain partially molten un- 
til the casting completes its solidification. When prop- 
erly used, the two charts of Figs. 1 and 2 automatically 
resolve both the time (minimum riser diameter) and 
the riser volume factors. 


6" OXT"H 

T'OXS14"H 

8" Ox 4"H 

Figures 3 and 4 illustrate the method of choosing 

risers for simple plate and bar castings according to 
the proposed system. At the top of each of these figures 
is reproduced the shape factor chart (which is shown 
as the midpoint line within the band) and the riser 
dimensioning chart. The (L+W)/T factor of the 
plate casting in Fig. 3 is 20. Referring to the shape 
chart at the top left of this illustration it can be noted 
that the riser needed on this casting must have a vol- 
ume which is 0.25 of the plate volume or 200 cu. in. 
On the top right chart it is found that this volume can 
be obtained with risers of the following dimensions: 6 
in. in diameter and 7 in. high, 7 in. in diameter and 
5, in. high, and 8 in. in diameter and 4 in. high. The 
first of these risers has a height slightly in excess of its 
diameter and falls outside of the band; thus either the 
7 or the 8 in. diameter riser should be used for this 
casting. 
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Similarly the 5 x 5 x 30-in. bar casting, Fig. 4, has a 
L+W) /T factor of 7, which indicates that the riser 
olume must be 0.5 of the casting volume or 375 cu in. 
Che riser dimension chart shows that either a riser 8 
a. in diameter and 714 in. high, or a riser 9 in. in 
liameter and 514 in. high should be used for this 
casting. 


Castings Requiring Multiple Risers 

The minimum riser volumes which were needed for 
various experimental castings fed with 2 or more risers 
are shown in Table 3. This experimental evidence in- 
dicates that for such cases the correct riser dimensions 
can be determined by figuratively dividing the casting 
into segments to be fed by each riser and then following 
the same procedure for each segment as described above 
for integrally risered castings. Sample calculations for 
the case of two risers on a 2 x 32 x 20-in. plate are 
shown in Fig. 5. Since each riser will feed half of the 
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plate, the (L+W/T factor is determined for only half 
of the plate and thus is 18. The calculations show that 
each of the risers must be 6 in. in diameter and 6 in. 
high. Similarly if 3 or 4 risers are to be employed on a 
uniform casting, the volume of each riser is based upon 
the shape factor of a third or fourth, respectively, of 
the casting. The portion of the casting fed by each riser 
in these cases may not be confined to the exact dimen- 
sions used to calculate the (L+W) /T factor, but for 
purpose of calculating riser dimensions this assumption 
can be made. 

Many times, when the casting shape is irregular, it 
will be necessary to make approximations in arriving 
at a (L+W) /T factor. Figure 6, for example, shows 
a ring casting which was risered according to the prin- 
ciples described. It was approximately 200 in. in cir- 
cumference and had the irregular cross section indic- 
ated in the drawing. For purpose of calculating the 
shape factor the cross sectional dimensions were as- 
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TABLE 3 — DETERMINATION OF RISERS ON MULTIPLE RISERED CASTINGS 
F h Ri 
; ‘ , Total Cast. Riser es meccticniese «ell 
Casting No. Min. Riser Cast. Vol. per Vol., Rv / = ’ 

Dimen., in. Risers D., in H., in Vol., in.3 Riser, in.3 in.3 | Cv = 
2x36x36 ve 2 Ae aes) 814 2600  ——_— ~ 240 TT 27 
2x 36x36 3 6 7 2600 870 200 0.23 24 
2x 36x36 4 6 6 2600 650 170 0.26 18 
4x4x40 2 6 8 640 320 230 0.72 6 














Fig. 6—Ring casting risered according to proposed system (see 
text for calculations). 


sumed to be 5 in. in width and 3 in. in thickness. Be- 
cause of feeding range requirements it was decided to 
feed the casting with eight risers and locate chills mid- 
way between adjacent risers to increase the riser feed- 
ing. range. This would require that each riser feed a 
25 in. long segment of the ring. The following calcu- 
lations were made to determine the dimensions of each 
of the eight risers: 
Cross sectional area of the casting = 15 in.? 
Cv per riser = 15 in.2 x 25 in. = 375 in.3 

(L+W) /T = (25 + 5)/3 = 10.0 

Rv/Cv (From Fig. 1) = 0.45 


Rv = 0.45 x 375 in. = 170 in.3 
Riser having volume of 170 in. (From Fig. 2) 
6-in. diameter 6-in. high 

It can be noted from Fig. 1 that for a (L4+W) /T facto 
of 10 the band encompasses a range of Rv/Cv ratios 
of 0.3 to 0.45. Since this particular shop casting was 
urgently needed and because of the fact that the di 
mensions were approximated, the factor at the top o! 
the band was used for riser calculations in order to 
minimize the chances of under-riser shrinkage. The 
ring was sound and the x-ray of a slice removed from 
the center of one of the risers, Fig. 7, showed that the 
pipe extended to about 34-in. from the casting. 

As indicated earlier this risering method purports 
to show only the minimum riser which can be em- 
ployed to prevent under-riser shrinkage. If the casting 
is to be made sound, the rules described in previous 
reports by the authors pertaining to riser and chill 
locations must be followed. Consider, for example, the 
ring casting of Fig. 8, having a circumference of 156 
in., which can be made free of under-riser shrinkage 
by using either one, three or six risers of the dimen 
sions indicated. The calculations employed in arriving 
at these riser dimensions follow: 


A) Fed with one riser 
Casting Vol. (approx.) — circumference x width x 
thickness = 156 x 12 x 4 = 7500 in.3 
(L+W) /T = (156 + 12) /4 = 42 
Rv/Cv (From Fig. 1) = 0.12 (Extrapolated) 
Rv = 0.12 x 7500 in.? = 900 in.3 


Riser dimensions (From Fig. 2) = 12-in. diameter 
8-in. high 
B) Fed with 6 risers 
L+W _ 156 + 12 
, : — 9.5 
4 


Fig. 7—Casting of Fig. 11A as removed from mold and x-ray of 
transverse section through one of the risers. 
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Rv/Cv (From Fig. 1) = 0.42 
Rv = 0.42 x 7500 in. — 595 ins 
6 
Riser dimensions (From Fig. 2) — 10-in. diameter 
7-in. high 
() Fed with 3 risers 
L+W _ 156 +12 
aor re ; 
= 16 
4 
Rv/Cv = 0.27 
Rv = 0.27 x 7500/3 in. — 675 in.# 
Riser dimensions = |1-in. diameter 
7-in. high 
Che ring made with one riser, although free of un- 
der-riser shrinkage, would have extensive internal 
shrinkage since most of the casting is beyond the feed- 
ing range of the riser. However, if internal shrinkage 
could be tolerated and only a good surface appearance 
were required of this casting this would be the simplest 
and most economical way to make it since the required 
riser Volume is only 12 percent of the casting volume. 
The casting of Fig. 8B fed with six risers located so 
that the distances between the periphery of adjacent 
risers is 4T (16 in.) would be internally sound since 
all regions of the casting are within the feeding range 
of a riser. However, the total riser volume needed is 
more than ‘tripled as compared to the case where only 
one riser is used to feed the casting, (42 vs. 12 percent 
of casting volume). By employing chills between ris- 
ers to increase ‘riser feeding range,? Fig. 8C, the cast- 
ing can be made internally sound with only three ris- 
ers having a‘total volume of 27 per cent of the casting 
volume because the chills extend riser feed range sufh- 
ciently to permit all portions of the casting to be within 
the feeding range of the risers. 


Risering of Sections With Appendages 

Many castings consist of several attached sections of 
different thicknesses and geometries, and in such cases 
it is the prag¢tice,to place the riser on the most massive 
section ,so that the thinner sections can be fed by the 
massive section, which in turn is fed by the riser. The 
relative volume of riser metal needed for such cast- 
ings is less than, would be required for this same cast- 
ing volume if it were distributed as a uniformly mas- 
sive section. 

The reason for this is evident from the illustration 
in Fig. 9 showing the solidification and feeding con- 
ditions in castings consisting of 4 in. thick plate sec- 
tions to which are attached parasite plate sections of 
different thickness. For all cases the total volume of 
the parasite sections are equal and hence require the 
same actual amount of feed metal from their respec- 
tive risers. However, the times at which the various 
sections demand feed metal are different. The half-inch 
sections become completely solid in about‘a minute, 
and hence require all of their feed metal by this time. 

Calculations show that at one minute after pouring 
the 12-in. diameter riser (initial volume of 113. cubic 
inches for each inch of height) has solidified only to 
the extent that it has about 104 cubic inches of liquid 
metal in the riser for each inch of its height. The 
solidification times required for 1, 2 and 4-in. append- 


ages are proportionately greater and the volume of 


liquid metal in the risers at the respective solidifica- 
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(A) 
| RISER 
12° DIAMETER yn (8) 
F 6 RISERS 


8” HIGH 
Aik’ 10 DIAMETER 
J / 7” HIGH 





(Cc) 


3 RISERS 
It” DIAMETER 
7” HIGH 


Fig. 8—Ring casting made with different risering procedures 
showing minimum risers required in each case. 


ORIGINAL RISER VOL= 113 IN°/IN 


SOLIDIFICATION TIME 
OF APPENDACES =| MIN 


RISER LIQUID AT I MIN = 














104 IN?/IN 
| -- 1/2" 
}+-— 12"D ——a 
SOLIDIFICATION TIME 
ge OF APPENDAGES = 3 1/2 MIN 
+ RISER LIQUID AT 31/2 MIN = 
TARR A 95 IN°/IN 
J N f 
os A pel 
jo-— 12° 9 —| 


SOLIDIFICATION TIME 
OF APPENDAGES = 14 MIN 


RISER LIQUID AT 14 MIN= 
78 IN°/IN 


SOLIDIFICATION TIME 
OF APPENDAGE +56 MIN 


RISER LIQUID AT 56 MIN = 





50 IN°/IN 





Fig. 9—Schematic illustration of how the time of high teed 
demand influences riser efficiency. 
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It can be noted from Fig. 12 that when the sec: on 
differentials are great, the added riser volume nee ed 
to feed the appendages is very small (only a sr all 
fraction of the appendage volume need be con id- 
ered), but as the section differential becomes sma ‘er 
the added riser volume increases proportionat:ly. 
When the parent section and appendages have he 
same solidification time the entire appendage volu ne 
must be considered for purposes of calculating rer 
volumes. 

For the case of plate to plate or bar to bar ¢: in- 
binations this condition would arise when the parent 
and appendage sections are of equal thickness. for 
the case of bar to plate and plate to bar combinations 
this condition arises when the ratio of appendage to 
parent thicknesses are 0.6 and 1.6, respectively. If these 
ratios are exceeded it would indicate that the append- 
age section has a longer freezing time than its parent 
section—a condition which does not permii feeding 
of the appendage. 

In such a case the riser should be placed on the ap- 
pendage which would then be considered as the par- 
ent shape. Thus casting thickness does not indicate 
relative solidification times when different shapes are 
considered. Hence, if a casting combination exists 
where a 4 in. thick plate is attached to a bar having 
a cross section of 5 x 5 in., the bar must be considered 
as the appendage because it has the shorter solidifica- 
tion time and the riser must be located on the plate. 


tion times are approximately 95, 78 and 50 cu in. per 
in., respectively. Thus when there is a high early feed 
demand, as for castings having thin appendages, the 
riser can supply a large volume of feed metal per inch 
of its height. 

When the appendages are thick, the riser must sup- 
ply feed metal, not only to the appendages but to the 
parent section as well, at a late period in the solidifica- 
tion cycle when it is least able to do so; hence, larger 
risers are necessary. The timing of the feed demand is 
reflected in the shape of the riser pipe, Fig. 10, as 
sketched from actual risers on the castings indicated. 
With large early feed demands the riser pipe tends to 
be wide and short whereas with large late feed de- 
mands it is narrow and deep. 

Combinations of bar and plate shapes where one 
shape is an appendage to the other frequently occur 














Fig. 10—Reproductions of riser pipe in (left) 13-in. diam., 7-in. 

high riser on 4-in. plate with 2-in. bar appendages, i.e., with high 

early feed demand and (right) 13-in. diam., 10-in. high riser on 

4-in. plate with 6-in. bar appendages, i.e., with high late feed 
demand. 


in commercial castings. Figure 11 shows idealized ex- 
amples. The minimum risers needed on such com- 
binations of varying thickness ratios have been ex- 
perimentally determined and pertinent data are shown 
in Table 4. For each casting the volume of riser re- 
quired to feed the parent section and the volume re- 
quired to feed the appendages are determined sep- 
arately. 

Figure 12 shows the fraction of the actual parasite 
volume which is equivalent to volume in the parent 
plate for various parent-to-parasite cases. For exam- 
ple, for a parent bar with a parasite plate of half the 
bar thickness, approximately 0.85 of the parasite vol- 
ume is to be considered as casting volume in the cal- 
culations. Regardless of the shape, thickness and vol- 
ume of the appendages attached to the parent shape, 
the (L+W) /T factor, from which the relative riser 
volume is obtained, is determined only from the par- 
ent shape. 

In translating relative riser volume into actual riser 
volume the true volume of the parent shape plus the 
percentage of the parasite volume indicated in Fig. 12 
is multiplied by the Rv/Cv factor. As an additional 
example to that provided in Fig. 12, a casting con- 
sisting of a 3 in. thick bar appendage attached to a 
6 in. thick plate has a thickness ratio of 0.5. Referring 
to the plate-bar curve, Fig. 12, it is indicated that 0.3 
of the bar volume should be added to the plate vol- 
ume in calculating the riser volume. 


Although the curves of Fig. 12 are indicated as sin- 
gle straight lines, they would properly be shown as 


bands, as in the (L+W) /T vs Rv/Cv charts, if m 
data were available since these minimum riser volur 
are influenced by the same variables as were the s 


ore 
nes 
im- 


ple casting shapes. Thus for any given foundry prac- 


tice these curves should be considered as guides to 
modified as examination of risers on such casti 
indicates. 

Figure 13 shows sketches of castings having appe 
ages for which risers were calculated as follows: 
a) 4 in. thick plate casting with 2 in. thick plate 

appendages 


be 
ngs 


nd- 


Volume of parent plate = 20x20x4 in. = 1600 in.* 
(L+W) /T of parent plate — (20 + 20) /4 = 10 


Rv/Cv (from Fig. 1) = 0.40 


Y/| 


aie 
bia. a J 


BS Oe 


PLATE ~ PLATE 


BAR- PLATE 
(A) 


BAR - BAR PLATE ~ BAR 
(¢) (D) 





Fig. 11—Idealized examples of casting combinations of different 


shapes and thicknesses. 
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08 >- 


0.6F—- 


Fig. 12—Percentage of appendage 
volume to be added to parent vol- 
urne to determine minimum riser 


PARASITE VOL EQUIVALENT TO PARENT VOL 


04 id 












@ BAR -PLATE 
x BAR -BAR 

© PLATE - PLATE 
& PLATE -BAR 





















volume. 
| 
02 T PARASITE PLATE | 2 | 
i T PARENT BAR = 4 
| VOLUME USED IN CALCULATIONS FIG. 6 
Vo = ¥+ 85% 
0 | | | | | | | 
0 02 0.4 06 08 1.0 1.2 \4 16 18 20 
THICKNESS APPENDAGE 
THICKNESS PARENT 
Volume appendages — 3 (20x15x2 in.) = 1800 in. c) Fitting fed with 2 risers 
Thickness (Appendages) 2 in. 05 Considered as a 21% in. thick bar with % in. thick 
Thickness (Parent) = 4in. — plate appendage 


Part of appendages volume used (Fig. 12) = .5 

Riser vol. = .4 (1600 in. + .5 x 1800 in.) = 

1000 in.? 

Riser dimen. (Fig. 2) =11-in. diam. 1014-in. high 
or 12-in. diam. 9 -in. high 
or 13-in. diam. 71%-in. high 

b) 4 in. thick plate casting with 4 in. thick bar append- 
ages 

Vole of parent plate = 30x30x4 in. = 3600 in. 

(L+W) /T of parent plate = (30 + 30) /4 = 15 

Rv/Cv (from Fig. 1) = 0.28 

Vol. appendages — 4 (4x4x10 in.) = 640 in.3 

T (Appendages) 4in. _ 

T (Parent)  _ | 

Appendage vol. used (Fig. 12) = 0.6 

Riser vol.—0.28 (3600 in.3+-6x640 in.) =1100 in. 

Riser dimen. (Fig. 2) = 14-in. diam. 7 -in. high 
or 13-in. diam. 814-in. high 
or 12-in. diam. 10 -in. high 





Calculations for each riser: 
Vol. one flange = x (62—2142) x 244 = 234 in.3 
Vol. % barrel = x (3.25°—2.52)x 4144 = 61 in.3 
Medium length of flange = +(5 + 31%.) = 27 in. 
(L+W) /T = (27+3.5) /2.5 = 12 
Rv/Cv (Fig. 1) = 0.35 
T (Barrel) — 0.75 _ 03 
T (Flange) ~ 25 ~ ~ 
Barrel vol. used (Fig. 12) = 0.5 
Riser vol. = 0.35 (234 in.3 + 61 in.*) = 92 in.3 
Riser dimen. (Fig. 2) = 5-in. diam., 5-in. high 
Hot Spot Effects on Risering 
It is often the case that castings, or sections of cast- 
ings, are of a design such that their rate of solidifica- 
tion is retarded. Such examples are X, L and T joints 
where the limited amount of sand at the internal cor- 
ners creates a barrier to heat flow from the solidify- 
ing metal; similarly in bushings having relatively 





TABLE 4 — MINIMUM RISERS NEEDED TO FEED PARENT-APPENDAGE COMBINATIONS 














Riser 
Parent A nd. Riser Vol. for % App. Vol. 
= (append.) | Vol., Vol. Min. Riser s Vol., Append., gh 4 to 
Casting Type T (parent) in.3 in.3 D., in. H., in. in.3 in.3 Parent Vol. 
4x4x30-in. Bar — om 480 — 7 5 190 _ — 
+1%-in. Plate 0.13 480 480 7 6 230 40 21 
+1-in. Plate 0.25 480 480 9 4 254 64 35 
+2-in. Plate* 0.5 480 480 9 6 382 190 100 
+2-in. Plate** 0.5 480 480 9 54 350 160 85 
4x4x30-in. Bar _ 480 _ 7 5 190 _ — 
+1-in. Bar 0.25 480 120 9 31% 206 16 33 
+2-in. Bar 0.5 480 240 9 33/4 240 50 52 
+3-in. Bar 0.75 480 240 9 4 254 64 67 
4x20x20-in. Plate _ 1600 — 13 54 730 ~_ - 
+14-in. Plate 0.13 1600 1600 13 614 860 130 18 
+2-in. Plate 0.5 1600 1600 13 8 1065 335 46 
+3-in. Plate 0.75 1600 1600 13 q 1200 470 65 
4x20x20-in. Plate — 1600 _ 13 5, 730 _ _ 
42-in. Bar 0.5 1600 800 13 6% 860 130 36 
+4-in. Bar 1, 1600 800 13 73% 1030 300 82 
+6-in. Bar 15 1600 800 13 8 1090 360 100 


*Longitudinal Joint 
**Transverse Joint 
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small internal diameters, heat removal is retarded by 
the small volume of sand in the core. 

Such sections solidify at times which are compara- 
ble to those of flat sections of thicknesses which are 
greater than the geometric thickness of the members 
of the complex section; hence it might be expected 
that risers larger than those indicated by the (L4-W) 
/T relationships would be required. Accordingly a 
number of X, L and T joints were cast, both with 
plate members and bar members, and the minimum 
riser volumes required to feed them are shown in 
Table 5. 

Also shown in Table 5 are the minimum riser vol- 
umes needed to feed two sizes of bushings. It was con- 
cluded that if the L, X and T sections are treated as 
parent-appendage combinations, no correction factor 
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Fig. 13—Castings for which m.i- 
mum riser dimensions were ca) u- 
lated (see text). 


is required to increase tne 
riser volume. This is evidenced 
by the fact that castings treated 
in this fashion, as they are 
in Table 5, have minimum 
risers such that when the ex- 
perimental Rv/Cv ratios are 
plotted against the (L+ WW) 
/T factors of the parent mein- 
ber of the castings, the points 
fall within the band of Fig. 
1—providing only those com 
binations with risers having 
heights not in excess of their 
diameter are considered. 

In treating these shapes as parent appendage com 
binations, the largest member of the section is con 
sidered as the parent shape from which the (L+-W) 
/T and Rv/Cv factors are determined while the othe 
member (in the case of the L and T shapes) or the 
other two members (in the case of the X shape) are 
considered as appendages. 

The need for a correction factor to provide addi 
tional metal in the riser to feed the hot spot is ob 
viated by this method of riser size determination 
which indicates smaller (L+W) /T factors (hence 
larger risers) than, in a sense, are actually present. 
For example, it would be logical to consider casting 
length as the sum of all members of the shape, in 
other words, treat the shape as if its various members 
were reassembled into a flat plate. A larger shape 


TABLE 5 — MINIMUM RIsERS NEEDED FOR CASTINGS WITH RESTRICTED HEAT FLow 








; ; : Riser Cast. Cast. Parent 
Parent Appendage ___ Riser Used Min. Riset Vol., Vol., Rv Sound- L+W 
Type Dim., in. Dim., in. Dia. in. Ht.in. Dia.in. Ht.in. in’ in.3 Cy ness a 
L Bar 4x4x20. 4x4x10 y 614 y 41 285 ~—oa—t—‘(<i«éi« SA OK 6 
T Bar 4x4x20 4x4x20 7 9 - - _ 640 - NG 6 
T Bar 4x4x20 4x4x20 9 7 9 5p 350 640 0.54 OK 6 
T Bar 4x4x20 4x4x16 9 6 9 41/4 285 575 0.49 OK 6 
X Bar 4x4x20 2 (4x4x8) 9 5 9 414, 285 575 0.49 OK 6 
L Plate 4x20x20 4x 10x20 13 10 13 8 1070 2400 0.44 OK 10 
T Plate 4x20x20 4x 10x20 10 12 _ = — 2400 - NG 10 
T Plate 4x20x20 4x 10x20 12 7% - - — 2400 - NG 10 
T Plate 4x20x20 4x 10x20 12 814 12 8 900 2400 0.38 OK 10 
T Plate 4x20x20 4x 10x20 13 8 13 7% 1000 2400 0.42 OK 10 
X Plate 4x20x20 2 (4x20x 10) 15 10 15 9 1600 220% 0.50 OK 10 
X Plate 4x20x20 2 (4x20x 10) 15 8 ~ - _ $200 - NG 10 
X Plate 4x20x20 2 (4x20x 10) 10 30 - _ 3200 ~ NG 10 
X Plate 4x20x20 2 (4x20x 10) 12 18 12 16 1800 3200 0.56 OK 10 
L+W 
a 3 
12-in. Cyl. 12-in. OD 12 6 12 sl, 595 1200 0.50 OK 9% 8 
4-in. ID 
12-in. Cyl. 10-in. OD 12 7 12 5 565 910 0.63 OK x 6% 
2-in. ID 
12-in. Cyl. 10-in. OD 12 5 12 5 565 ann 0.63 OK 8 61% 


2-in. ID 
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F:g. 14—A) Thickness correction 
factors used in calculation of mini- 
mum risers for bushings. B) Bush- 
ing for which minimum riser was 
calculated (see text). 


tactor and a smaller riser volume would thus be in- 
dicated and a correction factor would than be neces- 
sary to increase riser volume in order to accomodate 
the hot spot. 

For the case of bushings there is no method of com- 
pensa‘ ‘ng for the restricted heat flow as there is for 
the X L and T joints, and if a bushing with a small 
internal diameter were considered as a curved plate 
(which it actually is) and risered accordingly, the 
riser would be inadequate. This is evident for the 
case of the three bushings tested in Table 5 where 
the minimum risers which can be employed result in 
Rv/Cv ratios which are above the limits of the band 
of Fig. 1 when plotted opposite their (L+W) /T 
factors. 

However, this problem can be resolved by making 
use of correction factors determined in previous 
thermal studies® from which can be established the 
effective thickness, in regard to solidification time, of 
bushing walls made with various core diameters. 
These correction factors and the method of using 
them are shown in Fig. 14; the bushing wall thickness 
when multiplied by the appropriate correction factor 
will indicate the thickness of a flat plate (Te or ef- 
fective thickness) which has the same solidification 
time as the bushing walls. Thus a bushing with a 4 
in. thick wall and a 14T (2in.) diameter core would 
have an effective wall thickness of 4 x 1.17, or 4.7 in. 

For core diameters of 4T or greater no thickness 
correction is needed and the bushing is treated as a 
flat plate. When the (L+W) /T factor for bushings 
is calculated on the basis of effective rather than geo- 
metric thickness, a larger riser volume is indicated 
which corresponds to the minimum riser volume de- 
termined experimentally as being needed to feed the 
casting. In Table 5 it can be noted that when the 
Rv/Cv ratios are plotted against (L+W) /T, rather 
than (L+W) /T they fall within the band of Fig. 1 


To riser the bushing illustrated at the bottom of 
Fig. 14 the following calculations are made: 


Cv = x (62 — 2?) x 12 = 1200 in.3 

Median length = rd = 78 = 25 in. 

For 1T core K = 1.14 (Fig. 14A) and 
Effective T = 1.14x 4 = 4.55 in. 
L+W 25+ 12 


. es ——.—_ — 8. 
T (effective) 4.55 

Rv 

—— (Fig. 1) = 0.47 

Gy (Fig. 1) 47 


Rv = 0.47 x 1200 = 564 in.* 
Riser dimensions 12-in. diam. 5-in. high or 
1 1-in. diam. 6-in. high 
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. 
CORE REL. Te CORR. EXAMPLE | 
DIAM. FT _ FACTOR (4 WALL) wv 
1/2T 1.38 1.17) M7 
T 1.26 1.14 4.5 
2T 1.21 1.10 uu 
uT 1.08 1.02 y.t 
FLAT PLATE 1.0 1.0 4.0 


EFFECTIVE WALL THICKNESS = k (GEOMETRIC 
WALL THICKNESS) = T, = kT 
(A) (B) 


Summary 

Caine’s method of calculating riser dimensions for 
steel castings is based on empirical relationships be- 
tween the “freezing ratio,” i.e., surface area to volume 
ratio of the casting to that of the riser, and “volume 
ratio,” i.e., volume of riser to volume of casting ratio. 
The minimum riser of a given diameter on a specific 
casting which will not result in under-riser shrinkage 
is one having dimensions such that the plot of the 
freezing ratio and volume ratio coordinates falls on 
an empirically determined curve. 

It is established by this investigation that the com- 
plicated calculations required for the determination 
of SA/V ratios according to Caine’s procedures may 
be eliminated by replacing SA/V as the shape index 
with a simple index based on the ratio of length plus 
width divided by thickness (shape index (L+W) /T) . 
This index is related empirically to riser volume, ex- 
pressed as a fraction of the known casting volume. 
The procedure entails the calculation of (L4+W) /T 
of the casting, reference to a graph relating this index 
to riser volume and finally the translation of riser 
volume to diameter and height dimensions. 

Complex castings involving joined sections or ap- 
pendages require one additional step in the processes 
of riser calculation. Auxiliary graphs are provided re- 
lating the volume of the appendage to additional riser 
volume required for the appendage per se. This vol- 
ume is added to that required for the parent section 
on which the riser must be located. 

Calculations for castings involving restricted heat 
flow (such as bushings) are modified by replacing the 
actual thickness in the (L+W)/T determination 
with the effective thermal thickness. Tables of effec- 
tive thickness for bushings of various core to casting 
wall diameter ratios are provided for this purpose. 
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Perhaps every designer has had at one time or an- 
other the subconscious feeling that casting suppliers 
are completely reactionary, wholly without imagina- 
tion, and insistent upon making things as simple as 
possible for themselves. On second thought, maybe 
foundrymen have a subconscious feeling that designers 
are slightly light-headed visionaries, completely care- 
less of foundry problems, and too stubborn to accept 
constructive suggestions. 

Unfortunately neither the designing nor making of 
castings derives from an exact science. Both are arts, so 
both are dependent to some extent on personal opinion 
and experience. A designer may feel that a particular 
form of casting is essential for best performance of his 
machine; a foundry may feel that, in that particular 
form, scrap losses will be prohibitively high. Neither 
can offer absolute proof to back up his stand, and as 
each has at times proved the other wrong, each tends 
to question the other’s expressed opinions. 

In presenting the designer’s views, it should be 
pointed out that the writer’s foundry contact has been 
almost wholly with steel castings, weighing from a few 
pounds to 15 tons, with production quantities ranging 
from one or two per year to 20,000, but largely in the 
lower quantities. 





*Chief Engineer, Bucyrus-Erie Co., South Milwaukee, Wis. 








WHAT DESIGN ENGINEERS LOOK FOR IN CASTINGS 


Trevor Davidson* 





Fundamentally, a designer is looking for just one 
thing: the least expensive way to make a part which 
adequately meets service requirements. Figure 1 shows a 
3%-yd shovel weighing 914 tons and a 36-yd shovel 
weighing 1500 tons. Each is made up of several thou- 
sand parts. Every one of these parts must be measured 
against the same question: Is there a less expensive, 
satisfactory way to make it? 

The foundry’s salesman and the manufacturer’s pur- 
chasing agent are likely to think of the least expensive 
part as the one having the lowest price delivered to the 
machine shop door. The manufacturer’s salesman and 
the user’s purchasing agent may think of the least ex- 
pensive part as the one having the lowest price delivered 
at the working site, after adding machining, inspection, 
assembly, overhead, profit, and transportation to the 
price of the rough casting. The user’s operating per- 
sonnel will think of the least expensive part as the one 
which gives him the maximum return on his invest- 
ment. He must add to the delivered price, the cost of 
transportation if the machine is moved frequently, the 
reduction in pay load if a part is heavier than necessary, 
the cost of a repair part and the labor to install it if there 
is rapid wear or premature failure, and sometimes the 
shutdown cost of an elaborate plant while a key ma- 
chine is out of service. 

When a casting, priced perhaps at less than $500, 


Fig. 1 .. Every part in these shovels 
is considered in the light of the ques- 
tion: Is there a less expensive, satis- 
factory way to make it? 
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Fig. 2.. Failure of one part may shut down a multi- 
million dollar coal-mining operation. . 
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fails in a $200,000 shovel loading bituminous coal (Fig. Fig. _. Lighter sections and less dead weight can in- 
2), it may shut down a fleet of mine trucks, a tipple, and crease earnings of this equipment by $20,000 a year. 
a washing plant worth well over $1 million and, if the 

operator is particularly unlucky, he may have to buy ings. The foundry is a long way from obsolescence, but 
coal from a competitor, temporarily to fulfill his con- imagination and aggressive promotion will be neces- 
tracts. sary to prevent its gradual decline to a secondary posi- 

Dimes saved on delivery to the machine shop can tion. There was a time when castings were used because 
multiply into dollars lost at the operating site, with there was no other way to attain the results desired, 
surprising rapidity. The foundry must be prepared to regardless of cost. Today, there are relatively few parts 
deviate from its established practices, at some increase that cannot be made successfully in several ways, and 
in its own costs if necessary, when this will accomplish castings are used simply because they are the least ex- 
a reduction in users’ total costs. pensive. 

The designer’s job is to stand between manufacturing Appreciation of what the job requires and imagina- 
and the user, and understand and satisfy both. As both tion to attain it will help to keep foundry tonnage up. 
sometimes are rather temperamental, the designer can Figure 3 shows a medium size dragline stripping 
perhaps be forgiven for appearing slightly mad. anthracite coal, It takes about $5 worth of machine to 

Thirty years ago, designers had to choose between suspend one pound of bucket and pay load at the end 
bolted or riveted structures and castings. Even high of this boom. If 1000 Ib can be taken out of the 7000 Ib- 
production forgings were crude by present standards. bucket and put into pay load, the user’s income may 
One could well ask “What is the design engineer look- be increased around $15,000 per year. If thin metal has 
ing for?” Machines were increasing in size and power adequate strength for a certain part in this bucket, 
and users were demanding more reliable performance; any increase in thickness to allow for core shifts can be 
riveted and bolted constructions were becoming in- pretty expensive to the user. There are innumerable 
adequate and designers turned to castings. Designers parts in this same position in many other type machines. 
needed big castings, sometimes thin and sometimes An increase in metal thickness to avoid difficulty in 
thick sections, more intricate configurations, fewer pouring large, thin sections has just as serious an in- 
cracks and shrinks and blow holes, better alloys, and fluence. Dragline buckets originally were made largely 
better heat treatment. Designers were pushing the of riveted plates. Because rivets would not stay tight, 
foundries and asking for anything the foundries were designers turned to extensive use of steel castings. Then 
willing to undertake. welded plate construction replaced castings because the 

But the picture has changed. Stamping, spinning, foundry asked for metal thicknesses in excess of strength 
forging, hand welding from very thin to very thick sec- requirements, to pour the large areas required. Now, 
tions, several automatic welding methods, and torch with improved foundry technique and metal chemistry, 
cutting of plates and slabs are all available, and in there is a trend back toward castings. 
about as wide a range of materials as can be obtained A winch frame used on crawler tractors in the logging 
in castings. And even plastics are displacing metals in industry, has a complicated form the designers felt was 
an increasing number of instances. Today designers are needed for the job, but it gave trouble in the foundry. 
becoming less interested in seeking new methods of con- Had the foundry insisted on simplification, perform- 
struction and more interested in selecting from those ance of the winch might have been reduced, and the 
already available, the best for each particular purpose. designers could have given serious consideration to a 

Perhaps the title of this paper should be changed to welded structure. Pacific Car & Foundry Co. solved this 
read “What the Foundry Should Do to Maintain the problem by making the frame of several pieces (Fig. 4) 
Designer's Interest.” All of the methods previously and welding them together (Fig. 5). The foundry 
enumerated are being refined and improved, and are undertook this job of welding so that a complete unit 
making inroads on castings. All stem from the rolling could be furnished to the machine shop. By keeping 


mill and so have a common interest in attacking cast- the whole job within their own jurisdiction, they have 
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Fig. 4. . Cast components of complicated logging winch 
frame which, as single casting, gave trouble in foundry. 


been able to produce parts accurately enough to avoid 
all premachining. There is single responsibility, just 
as for a single casting. Stress relieving or heat treating 
can be accomplished without additional handling. 

A good deal of emphasis is being placed on the ad- 
vantages of composite construction, welding castings 
for complicated sections and plates for large, plane 
areas into a single part. This move seems highly com- 
mendable. Foundries might give serious thought to 
doing this job completely themselves, taking full re- 
sponsibility for the proper distribution, and the loca- 
tion and design of the joints. 

Both the designer and the foundry like clean, simple 
design. When a designer goes to a complicated design, 
he does it for a reason. It may be good or it may be bad 
but, nevertheless, he feels that it is necessary and that 
the final machine will perform better because of it. The 
foundry has a right and a duty to offer constructive crit- 
icism and ask questions, but the foundry seldom is 
sufficiently familiar with service requirements to con- 
demn. And from a selfish viewpoint, they probably 
should not. The simpler and cleaner the design, the 
easier it is for other forms of construction to compete 
with castings. 


Casting Industry's Biggest Asset 


Foundries as a rule do not like complicated forms, 
a lot of ribbing in closed sections, changing metal thick- 
nesses, a lot of coring. But their ability to make such 
parts is perhaps their biggest asset. No other method of 
manufacture has like flexibility in these respects, and 
foundries may well exploit this with continuing study 
of the problems involved. In cases of large production 
quantities, the foundry might even take the initiative 
in making sample castings of several designs and testing 
them for metal soundness, static or impact strength, or 
endurance. 

Henry Ford is said to have had as a motto “One Piece 
and No Finish.” This certainly is the complete picture 
of low cost manufacture. The “one piece” part fits the 
foundry. But foundries can get careless about “no 
finish.” The location of gates and risers and the care 
with which they are cut off may have considerable ef- 
fect on machining costs. 

Figure 6 is a casting drawing on which the size and 
location of risers have been specified after foundry con- 
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Fig. 5 . . Cast-welded assembly of winch frame simplified 
production, kept job in foundry, eliminated handling. 


sultation. (For clarity in presentation, a simple design 
has been chosen and dimensioning of both riser pads 
and the part itself has been omitted. Advantages of this 
method are greater in the more complicated frame 
structures.) This has proved beneficial in several re- 
spects: the foundry and the designer become more 
familiar with each other’s problems; risers are located 
so that the rough cut-offs can be dressed with minimum 
extra machining operations; riser bosses sometimes can 
be used as a functional part of the casting; and the de- 
signer knows whether or not risers will interfere with 
bolt locations or take up clearance space that he has 
counted on. 

When a casting is shaken out of the sand it is a pretty 
rough looking thing. There is little to suggest that it 
should be handled with care. Yet care in handling 
should not be neglected. Figure 7 is a group of sheaves 
at the upper end of a crane boom. Cast grooves in 
sheaves up to 30-in. diameter for l-in. wire ropes, when 
well made, are perfectly satisfactory on excavators. The 
number of good sheaves delivered is ample evidence 
that they leave the mold in satisfactory shape, and the 
cast groove eliminates an expensive machining opera- 
tion. But the groove flanges are relatively thin and the 
rims are light; if sheaves are shaken out, or piled for 
washing, or carelessly loaded for shipment with much 
heavier castings, flanges are likely to be deformed 
enough to rapidly destroy the rope. 

Deformed and distorted small castings do not fit 
machining jigs and fixtures, require individual set-ups, 
and create an expensive problem in the machine shop. 

Designers naturally want sound castings. A 26-in. 
diameter hydraulic jack operating at 3000 psi pressure, 
originally was a forging. During the war, when large 
forgings were unobtainable without top priority, some 
other source had to be found, and the Bucyrus-Erie 
foundry accepted the job with some misgivings. The 
cylinder and ram were cast on end with excess metal 
and ample risers as shown in Fig. 8. Inspection has been 
by hydraulic pressure testing after completion. Both 
manufacturing cost and performance were so satisfacto- 
ry that this construction was continued after the war, 
and there are now well over 50 similar units in service. 
As designed, all welds normally are in compression, 
although there may be appreciable bending at the lower 
ram weld in service. 
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Fig. 6. . Simplified casting drawing with riser location 
specified. Practice avoids costly extra operations. 





Fig. 7 .. Careless handling in foundry can deform thin 
castings, resulting in poor fits in machining jigs and fix- 
tures or in faulty operation of casting. 


But sound castings are not always as certain of attain- 
ment, and may not always be necessary. Figure 9 is a 
cast rail subjected to very high roller loads, in which 
flaking has occurred to about 34 in. depth. Figure 10 
shows two sections through this rail. The bottom view 
shows deep flaking with no apparent influence from 
a shrinkage cavity; the top view shows no flaking 
in less dense metal. Apparently the shrink has done 
no harm and it would be uneconomic to go to special 
practices to eliminate it. Replacement of this part is 
difficult, and even one or two per cent failures are 
taken seriously. Magnetic particle inspection for sur- 
face flaws has revealed little, so ultrasonic surveys re- 
cently have been instituted in a search for imperfections 
slightly below the surface in the zone of maximum 
shear. 

The advisability of careful inspection for both sur- 
face and subsurface deflects in initial castings is obvious, 
although frequently it is neglected. A considerable 
number of machines may reach the field before a con- 
sistent undetected flaw develops to failure, and then 
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Fig. 8 .. Hydraulic cylinder and ram, formerly forged, 
are now cast with both cost and performance advantages. 


replacement can be very expensive. Confidence in the 
machine also may be jeopardized, with serious affect on 
sales. A change in foundry practice or even a new pat- 
tern which is not an exact duplicate of the first, can be 
very upsetting to both designer and shop. A satisfactory 
part suddenly develops trouble for no apparent reason, 
and there may be stocks of semi-finished and finished 
parts of unknown quality for which disposition must 
be made. 

For high production parts, sectioning initial castings 
for visual inspection is the most satisfactory method as 
the loss of two or three pieces in an order for several 
hundred is inconsequential. If the order is for only 
a few parts the loss through sectioning is prohibitive, 
and non-destructive methods, such as x-ray and ultra- 
sonics, should be exploited. These methods might be 
used to advantage on certain production parts also, not 
for the purpose of acceptance or rejection, but to study 
the internal condition of parts which are performing 
satisfactorily in order to learn more of what lack of 
soundness can be tolerated with safety. The easiest way 
to convince a designer that 100 per cent soundness is 
unnecessary is to show him that he has not been getting 
it in similar parts in the past. 

It may not be universal, but there does appear to be 
a general foundry resistance to inspection for sound- 
ness. When such inspection is suggested foundries as- 
sume a defensive attitude and present innumerable 
reasons against it. The foundry is fearful that 100 per 
cent soundness, which may be virtually unattainable 
in some castings, will be demanded and nothing less 
will be accepted. Such fears are not without foundation; 
designers have made unreasonable demands. Better un- 
derstanding is needed on both sides, and might be ob- 
tained by occasional inspections of various satisfactory 
parts. These inspections should be on the basis of 
quality control, to indicate that manufacturing is 
getting better or worse; they cannot be used to measure 
general acceptability because acceptability already 
would be established by satisfactory performance of the 
part. They also would serve as a comparison factor for 
criticizing pilot castings of new design. 

Inspections of this sort can be carried out rather 
easily by sectioning a few castings from high produc- 
tion lots. But for small production lots non-destructive 
inspection methods will have to be used. Unfortunately 
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Fig. 10.. Deep flaking and large cavity (below); no 
flaking above. Special practice to eliminate shrink in 
this cast rail is not warranted. 


these cannot be used universally, but their use when- 
ever possible will advance their further development. 

What a designer probably wants more than anything 
else is consistency in manufacture. He may like to com- 
plain, but he can learn how to live with almost anything 
when all pieces perform alike. But when each behaves 
differently in service, he is in complete confusion and 
does not know what to do. He will accept higher cost 
and sacrifice over all machine performance if necessary 
to get something on which he can rely. 

Of course, the usual physical properties of tensile 
strength, yield point, ductility, low temperature im- 
pact, and endurance should approach, and exceed if 
possible comparable characteristics of other construc- 
tion materials. For large castings alloying, when re- 
quired should be adequate to develop good harden- 
ability in thick sections. Except in highly specialized 
work, it is impractical for foundries to vary chemistry 
for each particular pattern; they must, therefore, en- 
deavor to select a few chemistries each suitable for a 
wide range of properties. 

Variations in the carbon range for each chemistry 
to suit particular requirements, sometimes are desir- 





Fig. 11 .. Well-cast driver and tractor links for 200-ton 
shovel can be used as-cast without machining. 


able. Controls for chemistry and heat treatment must 
assure uniformity of product. Mobility or transport- 
ability is of such importance today that the designer 
quite frequently is looking for the maximum strength 
per pound of weight. 


Dimensional consistency frequently is essential for 
proper performance. Figure 11 shows the driving 
tumbler and track links for a 200-ton shovel. These 
parts are used without machining. Tumbler diameter 
and link pitch must be proportioned correctly for 
satisfactory operation. If both come to drawing, well 
and good. If either has a consistent deviation from 
drawing dimensions, adjustments can be made. But 
if deviations vary, one set may work well and the next 
poorly. 


The foundry has played very important roles in the 
development of all types of machinery. Today it is en- 
countering strong competition from other construc- 
tional materials. But it is the writer’s sincere belief that 
foundries can meet this competition successfully so long 
as they recognize the strengths and weaknesses of their 
product. 
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RISERING OF COMMERCIAL STEEL CASTINGS 


By 


Charles W. Briggs* 


The principles developed in heat transfer studies 
can be used in a practical way to make a rapid esti- 
mate of the minimum riser diameter to be employed 
on any casting section. For example, in the applica- 
tion of risers to steel castings heat transfer data de- 
veloped by experimentation and by calculations can 
be plotted as illustrated in Fig. 1. 
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Fig. 1 — Solidification time of various shaped steel castings. 


In most all cases castings can be broken down into 
simple structures such as plates, bar, cubes or spheres. 
Suppose a deck casting containing a flat plate 3 in. 
thick required risering. One could refer to the plate 
curve in Fig. 1 and it would be observed that a 
3-in. thick plate would take 30 minutes to solidify. 
An efficient riser is, of course, a cylinder; therefore 
it is easy to determine the riser size which would 
solidify in the same time as the 3-in. plate. Follow 
the 30-minute time line up to the cylinder line and 
it will be observed that a 6-in. diameter cylinder 
riser would solidify in the same time as the 3-in. 
thick plate casting. 

But we do not want the riser to solidify at the 
same time as the casting. It is important that the 
riser solidifies after the casting so it can furnish 


* Technical and Research Director, Steel Founders Society, 
Cleveland. 
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molten metal to the casting during the late stages 
of solidification of the castings. For a fast estimate 
of the additional increase in riser size it is suggested 
that a 20 per cent factor be applied. Thus the chart 
indicates that a 6-in. cylinder has the same freezing 
time as the 3-in. plate, therefore a 120% x 6 = 7.2 
in. The new value for the riser diameter merely 
means this: that from the standpoint of freezing time 
this minimum diameter riser that can be employed is 
about 7.2 in. 

Calculations in heat transfer have shown that the 
minimum riser diameter needed to satisfy the re- 
quirement of various shapes is: 


Shape Riser Diameter 
Cube 1.1 Tt 
Bar 1.6 T 
Plate 2.5 T 


+ where T is the thickness of the section 


From the above it can be seen that a very fast 
approximation of the minimum riser diameter of 
any portion of a casting can be determined. For 
example, 2-in. thick cube, bar and plate sections 
should have a minimum riser of 214 in., 314 in., and 
5 in., respectively. 

This fast determination helps in many ways; it 
gives the planning man a quick approach to riser 
layout. 

The entire story is not known about riser dimen- 
sions. Normally the steel foundryman handling the 
riser planning job will determine the other dimen- 
sion of the riser by applying a practical and safe 
rule of making the riser height equal to 114 times 
the diameter of the riser. 

In many cases this fast way of determining riser 
dimensions will be effective and produce an adequate 
riser for the desired section. However, it should be 
pointed out that the method is only a rough ap- 
proximation at best and more detailed calculations 
are necessary. The reason for this is that some cast- 
ings, because of their design where one section feeds 
another section and so on, require a large feed de- 
mand. In such cases the riser volume as quickly cal- 
culated above is insufficient to satisfy the casting 
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requirements. In view of this possible situation a 
longer form of calculations must be carried on. 

It is proposed to take a commercial steel casting 
that is at the present time being made in the industry 
and calculate the riser dimensions. These calculations 
will be based on the simplified method as proposed 
by Bishop, Myskowski and Pellini. 


Crusher Disk 
The casting shown in Fig. 2 is a disk for a crusher 
unit. Fundamentally it is a bar with a plate attached 
to it. It is suggested that two risers be employed for 
the first example of calculation. 
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Fig. 2 — Crusher 
disk, two risers. 
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Two Risers 

1 —If the hub section is considered as a riser for 
the plate, it will be observed that on the basis of a 
4T feeding distance the plate can be fed by risers on 
the hub since the plate width is only 13 in. and 
4T = 4(334) = 15 in. 

2 — The centerline of the hub is z (5 + 16) = 66 in. 
A riser on the hub would feed 2T or 10 in. This 
means that the distance between risers cannot be 
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over 20 in. If two risers are used than 66-40 = 26 in.., 
the distance that must be covered by risers or a ris. r 
of 13 in. diameter would be necessary. Also, since 
two risers are used on the casting, calculations can |.e 
based on one-half of the casting. 
3 — The volume of 14 hub = 
_ 7 (13° a Bach = 1597 cu in. 


h - 
! — The volume of the 14 the flange = 
2_ 132) 33/ 
<—_ panna: B ~e . 2987 cu in. 


f 
5 — Medium length of 14 hub = a a = $3 


6 — Shape factor of the hub: L = length, W 

width, T = thickness 
(L-+ W)/T = (33 + 95%)/5 = 8.5 

7 — The relation of the hub shape factor to mini- 
mum effective riser volume as a fraction of the casting 
volume is given in Fig. 3. With 8.5 shape factor a 
R/C, value of 0.5 is obtained if the upper curve is 
used, which constitutes a very safe value. Thus the 
Riser volume divided by the Casting volume is 
R/C, = 0.5. 

8 — It has been said that the flange or plate section 
is appended to the hub or bar section. The ratio of 
the thicknesses of these two sections is: 

T flange 3.75 
———- = ——— = 0.75 
T hub 5 

9— The percentage of the flange volume which 
must be added to the hub volume to determine the 
riser volume can be determined by applying Fig 4. 
Use of 0.75 section ratio to the Bar-Plate line extended 
will give a value of 1.3. The flange volume to be used 
in the calculations is: 

1.3 x 2987 

10 — The riser volume 

R= 0.5 (1597 +- 3883) = 2740 cu in. 

11 — The riser dimensions can be obtained by re- 

ferring to Fig. 5. 


— 


3883 cu in. 


Hl 


The Riser dimension = 1514 in. diam x 1514 in. high. 


The large size of the risers, wherein a 151,-in. 
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© CALCULATED POINTS (CAINE METHOD) 
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Fig. 3 — Relation of casting shape 
factor to minimum effective riser 
volume as a fraction of casting 
volume (After Pellini and _ co- 
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Fig. 7 — Crusher disk, one riser. Fig. 8 — Crusher disk, ring riser. 
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cylinder is positioned on a 5-in. section results in a 
molding problem and might not be acceptable to 
certain operating personnel. In such case it would 
seem advisable to reduce the riser size by using more 
than two risers. The freezing requirement of the 5-in. 
hub section by heat transfer studies would be 8.5 in.,; 
therefore a reduction in riser diameter could be made 
by making available additional riser volume through 
the use of more risers. 
Three Risers 

The calculations for the application of three risers 
to the hub area (Fig. 6) are set down in summary 
form as follows: 

1 — Volume 14 hub = 1065 cu in. 

2— Volume 1% flange = 1991 cu in. 

3 -- Medium length of 14 hub = 


sO+% . i 
5 


4 — Shape factor (L +- W)/T = 
(22 +- 954)/5 = 6.3 

5—R/C, = 0.45 

6—T flange/T = 3.75/5 = 0.75 

7 — Flange /Hub, = 1.28 

8 — Riser Volume = 

0.45 (1065 +- (1.28) (1991) = 1617 cu in. 

9 — Riser dimensions 13 in. diam x 13 in. high 
One Riser — Inside hub (Internal Riser) 

The calculations for the application of one riser 
inside the hub (Fig. 7) are set down in summary 
form as follows: 

1 — The volume of the hub = 3194 cu in. 

2 — The volume of the flange = 5974 cu in. 

3 — Medium length of hub = 66 in. 

L+W 66-49% 
4 — Shape factor = = 15.2 


T 5 
5—-R/C = 02 





RISERING COMMERCIAL STEEL CASTIN: 


In this case the lower limit of the band, shown ji 
Fig. 3, was used to determine the R/C, ratio becau 
an internal riser will be employed. With an intern: 
riser the surface area will be greatly reduced thus ju 
tifying the lower limit of the band. 


3.75 
6—T flange/T hub = -_ = 0.75 


7 — Flange /hub, = 1.28 
8 — Riser volume = 
0.2 (3194 +- (1.28) (5974) = 2170 cu in. 
9 — Riser dimensions = 13 in. diam x 17 in. high 


Ring Riser (Fig. 8) 
The Surface Area/Volume ratio of a ring riser i 
3 
+ 8 where T is the thickness and H is th 
height and H is equal to T. (SA/,, = 3/.) 


The dimensions of a ring riser for the disk casting 
can be calculated from the Surface Area/Volume ratio 
of a cylindrical riser. The Surface Area/Volume ratio 


of a cylindrical riser is equal to ——- where D is the 


diameter of the cylindrical riser and is equal to the 
riser height. In the case of the 13-in. diameter internal 


5 


riser, the Surface Area/Volume ratio is equal to = 
The ring riser, therefore, must have a Surface Area/ 
5 


Volume ratio equal to 73" By substituting 7 in 


SA 
the equation V7 =r and by solving for T, it is 
5 3 
found that T is equal to 8 in. Gr => T = 7D. 


The dimensions of a ring riser, therefore, would be 
8 in. high and 8 in. wide, centered in the hub section. 








APPLICATION OF INDIRECT CHILLS 


By 


Charles Locke* 


Introduction 


In a series of papers,}-2-3.4 Pellini and his col- 
leagues have outlined the influence of chills on the 
solidification of elementary casting shapes. The 
studies described in the last* of the papers included 
information on indirect chills. Specific data were 
presented for the indirect use of a fully sufficient 
chill (1T) against a 4-in. x 4-in. (T) bar. Of equal 
importance were the derived suggestions for the use 
of indirect chills in practice. These uses are: 

1. Moderate chilling of hot spots so that the feed 
channel is not blocked by premature solidification 

2. Chilling of surface hot spots such as caused by 
pockets of confined hot sand in corners, fillets, and 
re-entrant angles, and 

3. Control of solidification rates. 

The indirect chill does not make actual contact 
with the casting surface. A layer of sand whose thick- 
ness markedly controls the heat extractive ability of 
the chill (as shown by Pellini) separates the chill 
and casting. Of course, such an arrangement and its 
possibilities were known previously in a qualitative 
sense. A recent article by Apgar® reveals that indirect 
chilling was in use, at least, just after World War I. 

A description of the use of indirect chilling for 
two production castings is submitted in the following 
paragraphs for further evidence as to its practica- 
bility. 

Case | — Bracket 


Figure 1 shows a mild steel bracket casting weigh- 
ing 22 lb. In order to view the casting at the proper 
angle it has been photographed lying on its cope 
side. As seen, a defect (indicated by the arrow) is 
located in the fillet. Of course, a riser properly 
placed would overcome the difficulty. However, a 
rib which is not seen protrudes in the cope, inter- 
fering with a possible riser. Furthermore, for some 
unfathomable reasons, internal shrinkage was accept- 
able as long as the design was not changed and as 
long as defects were not discernable on the surface. 
For the record, the use of a direct contact external 
chill made the casting salable, but it appeared to be 
an excellent test piece for indirect chilling. 

The defect, commonly misnamed a crack, is the 
result of a surface hot spot. The necessary transfer- 
ence of heat to solidify the surface was retarded by 
the overheating of the corner of sand which shaped 
the fillet. 

A series of steel chills, 34 in. thick, were prepared 
for indirect contact with the casting adjacent to the 





* Works Manager, Westelectric Castings, Inc., Los Angeles, 
Calif. 
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defect. Varying the number of dips of the chill in a 
silica flour core wash, followed by drying beween 
the dips, permitted control of the thickness of in- 
sulation on the chill. Thus, castings were made with 
chills displaced Yo, Y%¢g, 340, Y%, and %g¢ in. from 
the surface of contact. This represented, respectively, 
%, T, %o T, YT, & T, and & T, since with some 





Fig. 1— Bracket casting with defect shown. 


over-simplification a 34-in. section of the casting was 
involved. The following table shows the results of 
this experiment. 


Chill 

Displacement Result 

(OT) Oin. No defect visible 

(44T) *%ein. No defect visible 

(42 T) Mein. No defect visible 

(4 T) %e in. Defect detected by magnetic 

particle inspection 

(% T) \ in. Defect detected by eye 

(AT) Me in. Defect detected by eye 
Case Il — Diesel Engine Frame 


A section of the casting to be discussed is shown 
in Fig. 2. It represents one of the three members 
which are cast integrally to form the bearings for a 
crank shaft as well as the ports for cylinder liners. 
The required strength to withstand a very severe 
piston thrust is provided by the ribbing and struts. 
The latter also fall within the cooling chamber and 
were contoured for minimum interference with fluid 
circulation. 

The casting weight is about 550 Ib. It also was 
subject to radiographic specifications and magnetic 
particle inspection. 

Fortunately, the foundry had the opportunity to 
suggest changes while the design was still on the 
drawing board. In spite of this a hot tear developed 
in a 3-in. section of the bearing where the surface 
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APPLICATION OF INDIRECT CHILI 








Fig. 4— Chill and core box. 


is formed by an isolated sand pocket. The defect is 
pointed out by an arrow marked on Fig. 2. A closeup 
is shown in Fig. 3. 

Typical of hot tears, it was located in a heavy 
section whose necessary riser opposed the heat trans- 
fer conditions for elimination of the difficulty. Ob- 
viously, a rapid freezing of the surface had to be 
attained. Furthermore, the solidification had to be 
timed so that a feed channel would remain open 
to several adjacent sections. 

A sufficient direct contact chill was first used to 
provide these conditions. It eliminated the hot tear 
under discussion, but tears appeared in two connect- 
ing struts in contact with the chill edge. The direct 
contact chill also caused premature freezing to the 
detriment of solidity in the adjacent sections. 

Arrangements were then made for the use of an 
indirect chill. The chill used is shown in the fore- 
ground of Fig. 4 along with the particular core box. 
Holes in the chill fitted over corresponding pegs in 
the core box so that the chill was retained in its 
required position during ramming. This permitted 
3% in. of sand to be placed between the chill and 
casting surface. Thus an approximate 14 T displace- 
ment was obtained. 

The chill is shown in place in Fig. 5. Figure 6 
shows how the riser was located. 

As for the results, the trouble was completely elim- 
inated. Castings made with the indirect chilling tech- 
nique had no hot tear and feeding was accomplished. 

Although the technique of indirect chilling is not 





Fig. 5 — Chill in position. 








Fig. 6 — Riser and chill location. 


new, clarification of its principles was needed to 
stimulate its proper use. Similar results have been 
achieved with other phases of solidification. 
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RISERING REQUIREMENTS OF NODULAR IRON* 


By 


R. C. Shnay** 


Che risering requirements of castings in any metal 
depend on two main factors; the thermal properties 


of the metal and its solidification characteristics. Al- 


though the thermal properties of nodular iron are 
much the same as those of gray iron, the risering 
requirements are much greater. The reason for this 





GRAY IRON 





STEEL 


"NODULAR IRON 


Fig. 1 — Radiographs of test castings. 
Riser diameter — 3 in. 
Riser height — 4% in. 
(About \% actual size) 





* Published by permission of the Deputy Minister, Department 
of Mines and Technical Surveys, Ottawa, Ontario. 

** Metallurgist, Physical Metallurgy Division, Mines Branch, 
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must be the difference in their solidification char- 
acteristics. 

The formation and growth of free graphite pro- 
duces an expansion during the solidification of either 
nodular or gray iron. In a gray iron this expansion 
can be taken up by movement of the liquid metal. 









“GRAY IRON 





STEEL 





NODULAR 
Fig. 2 — Radiographs of test castings. 
Riser diameter — 4 in. 
Riser height — 6 in. 


(About \% actual size) 








294 


In this way gray iron castings tend to be self-feeding, 
and heavy risers are seldom required. The process 
of self-feeding does not occur to any appreciable ex- 
tent in nodular iron and therefore large risers are 
necessary. In fact some nodular iron castings may 
require larger risers than the same castings in steel. 

A series of test castings were produced to compare 
the risering requirements of steel, gray iron and 
nodular iron. These castings were in the form of 
circular plates 12 in. in diameter and | in. thick. 
Two castings were produced in each metal; one with 
a riser 3 in. in diameter and 41% in. high, the other 
with a riser 4 in. in diameter and 6 in. high. Green 
sand molds were used and the riser surfaces were 
insulated with rice hulls. 

The steel was produced in a 500-Ib acid electric 
furnace and the irons in a 500-lb induction furnace. 
The chemical compositions and pouring temperatures 
are listed in Table 1. 

A slice 1 in. thick was cut from the center of 
each casting and its riser. These slices were radio- 


RISERING Nopu.ar Ir: 


TABLE ] — CHEMICAL COMPOSITIONS AND PourRIN«c 








TEMPERATURES 
Steel Gray Iron Nodular Iro 
Carbon 0.39 3.54 3.30 
Silicon 0.34 2.88 2.75 
Sulphur 0.034 0.026 0.016 
Manganese 0.46 0.58 0.54 
Phosphorus 0.017 0.075 0.046 
Magnesium _ _ 0.058 
Pouring 
Temp., °F 2950 + 20 2450 = 20 2450 + 20 





graphed and the results are reproduced in Figs. | 
and 2. 

The radiographs shown in Figs. 1 and 2 serve io 
illustrate the risering requirements of a nodular iron 
casting. In this case the 3x 4l4-in. riser was bare!; 
adequate for the steel casting but far from adequate 
for the same casting in nodular iron. This particular 
result cannot be stated as a general rule since the 
shrinkage characteristics of nodular iron vary with 
composition and pouring temperature. 
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APPLICATION OF CHILLS FOR NEUTRALIZATION 
OF RIB AND BOSS HOT SPOTS ON PLATES 


By 


E. T. Myskowski and H. F. Bishop* 


ABSTRACT 

The effect of ribs and bosses on the shrinkage con- 
dition of parent plate sections was investigated. Thin 
appendages act as cooling fins and create a chilling 
effect at the junction with the parent plate. Thick 
appendages create a hot spot at the appendage-parent 
plate junction which results in gross shrinkage, the 
severity of which is proportional to the width and 
depth of the appendage. A chart method was developed 
for the determination of the chill thickness required 
for the neutralization of appendages which develop 
hot spot conditions. 


Introduction 


During recent years the procedures for feeding 
simple cast steel shapes have been established.1-2.3.4 
It has been shown that feeding to complete soundness 
required a sufficiently large riser and certain mini- 
mum thermal gradients (directional solidification) 
within the casting during its solidification. 

In the case of simple shapes of uniform thickness, 
gradients originating from the hot riser join those 
originating from the cold end of the casting to form 
continuous gradients over the entire casting length; 
when the casting exceeds a certain critical length the 
steepness of the gradients falls below the values re- 
quired for feeding with the result that centerline 
shrinkage occurs in the casting. In practice many 
castings are basically simple plate or bar shapes with 
bosses or ribs attached. These appendages may upset 
the normally smooth gradient condition in the cast- 
ing with the result that feeding to complete sound- 
néss cannot occur. 

It is well known that when hot spots are created 
by bosses or ribs, chills may be employed to over- 
come the hot spot and thereby prevent the forma- 
tion of a shrink cavity; however, the chills must be 
of a size sufficient only to neutralize the hot spot 
condition. Overchilling may cause more severe shrink- 
age than that of the original hot spot by blocking 
feed metal flow from the riser to regions beyond the 
chilled area. 

The purpose of this investigation was to deter- 
mine how ribs and bosses of various dimensions af- 
fected the feeding characteristics in the sections to 





* Metal Processing Branch, Metallurgy Division, Naval Re- 
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which they were attached, and to establish rules for 
the application of chills such that the hot spot would 
be eliminated without interference with the normal 
feeding of the casting beyond the chill. 


Experimental Procedure 


The base casting employed in this study was a 
2-in. thick, 10-in. wide plate with a length, from the 
riser periphery to the end, equal to 13 in. Since a 
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Fig. 1— Test castings showing location of rib and boss 
appendages and chills. 


2-in. thick plate casting can be fed to complete sound- 
ness for a distance of only 9 in. it is apparent that 
the test casting used in this study must normally 
contain centerline shrinkage. This casting was used 
with the purpose of placing the appendages in an 
isothermal region beyond the spheres of influence of 
either the riser or casting end. This permitted ob- 
servation of the effects of the appendages and of the 
chills without the complicating interference of the 
riser and casting end. During the solidification pe- 
riod of a 2-in. thick plate, the heating effect of the 
riser reaches into the plate for a distance of about 
2 in. while the chilling effect of the end extends 
into the casting for about 5 in. Accordingly, the ap- 
pendages were located with centers 5 in. from the 
riser and 8 in. from the casting end. 

The ribs extended across the bottom of the base 
plate, Fig. 1, and varied from 1% to 2 in. in thickness 
and from | to 4 in. in depth. The bosses were placed 











Ris AND Boss Hort Spots ON PLA 





Fig. 2 — Shrinkage condition in transverse section of parent 
casting with no appendages attached. Riser location at lett. 


equidistant from the two lateral edges of the plate 
and were of a square cross section which varied from 
2 x 2 in. to 4 x 4 in.; the depth of the bosses 
varied from | to 4 in. The chills covered the entire 
bottom surface of the appendage, Fig. 1, and varied 
in thickness between 14 and 2 in. No coating was 
used on the chills. The casting was gated at the riser. 

All castings were poured at 2950 F + 25 F with 
a Navy Class B steel having a nominal analysis of 
0.25% C, 0.40% Si and 0.60% Mn with 0.10% Al 
added to the ladle for final deoxidation. The shrink- 
age condition within each casting was determined by 
transverse radiography of a l-in. thick longitudinal 
segment removed from the center of the casting. In 
interpreting the radiographs it must be remembered 


TABLE 1 — UsrE oF CHILLS ON RIBBED PLATES 


Chill Effect 


Thickness, Inade- Ade- Overade- 
quate quate quate 





Base Appendages, in. 


Plate, Thick- 
in. ness Depth Width in. 











2x10x20 2 4 10 None x 
. 2 4 20 V, x 
2 4 10 Y% x 
2 4 10 1 x 
2 4 10 2 x 
2 2 10 None x 
2 2 10 \ x 
2 2 10 Y% x 
2 2 10 1 x 
2 2 10 2 x 
2 1 10 None x 
2 | 10 \Y x 
2 1 10 ly x 
1% 4 10 None x 
1% 4 10 \, x 
1% 4 10 \y x 
1% 4 10 1 x 
14 2 10 None x 
1% 2 10 \y x 
1% 2 10 ly x 
1% l 10 \ x 
1% l 10 \% x 
l 4 10 None x 
l 4 10 A x 
l 4 10 Y x 
1 4 10 1 x 
1 2 10 None x 
1 2 10 \ x 
: l 2 10 \% x 
1 2 10 1 x 
l 1 10 None x 
l 1 10 4 x 
l l 10 Y% x 
1 1 10 1 x 
; Y% 2 10 None x 
, 4 2 10 \Y x 
% 2 10 \% x 
\ l 10 None x 
‘ Y% 1 10 \Y x 





that the base plate normally contains centerlin 
shrinkage as shown in Fig. 2. Thus if a boss or ri) 
on the plate is chilled so that the condition of Fig. 
is obtained in the parent plate, the chill used would 
be considered to be of the critical thickness necessar\ 
to neutralize the hot spot effect of the appendage. 

In a few seleced cases temperatures were measured 
along the centerline of the base plate in the vicinity 
of the appendage in order to correlate the thermal 
gradients present during solidification with the con- 
dition of casting soundness. 


Results 


The appendage dimensions for each casting, the 
size of chills employed and the resultant effect upon 
the shrinkage condition as observed from the radio 
graphs are listed in Tables 1 and 2. The effects of 
the appendages and their chills are noted by the 
chilling effect produced in the base section of the 
casting. A check mark in the column headed “in- 
adequate” indicates an underchilling effect, ‘“‘over- 
adequate” a definite overchilling effect, and “ade- 
quate” an exactly balanced effect. Under the latter 
conditions the base section solidifies essentially as if 
it were a uniform plate section with no appendage 
attached. 

Figures 3 and 4 reproduce typical series of x-rays 
of castings containing ribs and bosses chilled with 


TABLE 2 — UsE oF CHILLS ON BOssEs 


Chill Effect 


Thickness, Inade- Ade- Overade- 
quate quate quate 





Base Appendages, in. 


Plate, Thick- 
in. ness Depth Width in. 











2x10x20 4 4 4 None x 
- 4 4 4 \% x 
oa 4 4 4 \, x 
= 4 4 4 I x 
° 4 4 4 2 x 
" 4 2 4 None x 
i 4 2 4 \ x 
4 2 4 Y% x 
. 4 2 4 1 x 
” + 1 + None x 
2% 4 1 4 \ x® ig 
. 4 1 4 Y% x 
6 3 4 3 \Y x 
3 4 3 iy x 
3 4 3 1 x 
. 3 3 3 None x 
#3 3 3 3 Y% x 
<3 3 3 3 \ x 
- 3 8 3 1 x 
3 2 3 \Y x 
3 2 3 Y x 
f 3 2 $ 1 x 
~ 3 1 3 \ x 
: 3 1 3 \% x 
- 2 2 2 None x 
* 2 2 2 \, x 


* Borderline Condition 














Fig 
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varying degrees of severity showing the transition 
fiom the inadequate to the overadequate condition. 
When no chills are used, hot spots are created in 
the plate section above the appendage with the re- 
sult that shrinkage occurs near this location. For the 
case of the rib appendages shown in Fig. 3, a 4 
in. chill creates essentially an “adequate” condition 
since the shrinkage appearance is similar to that 
which would normally be present in the plate if it 
were cast separately. The location of the gross shrink- 
age for the cases of the 14 and 1-in. chills indicates 
that the chills are overadequate. These chills cause 
complete freezing to occur above the appendage at a 
time when the regions toward the end of the casting 
are still partially liquid; since feed metal cannot 
flow beyond the appendage position after this time, 
shrinkage must occur. 

Similar behavior is noted for the case of the boss 
appendages shown in Fig. 4, for this case the 14- 
and Y-in. thick chills serve to neutralize the hot 
spot effect, while the 1-in. chill is overadequate. 

The thermal effects created in the base plate by 
under and over chilling are shown for the case of a 
2-in. thick, l-in. deep rib attached to a 2-in. thick 
parent plate, Fig. 5. When no chills are employed, 


Fig. 3 — Effect of chill thickness on 2-in. thick rib illustrating 
that chill thickness in excess of 4 in. is overadequate. 
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Fig. 5B, the rib creates a reversed temperature gra- 
dient such as to make feeding of the junction im- 
possible. The 1-in. thick chill, Fig. 5D overchills the 
rib to create a localized gradient peak which pre- 
maturely stops feed metal flow beyond the junction. 
The Y-in. thick chill, Fig. 5C, accelerates freezing 
of the rib sufficiently to cause the base plate to pass 
through the solidus with essentially the same gradient 
condition as was present in the separately cast plate, 
Fig. 5A, indicating that this chill has an exact hot 
spot neutralizing effect. 

The severity of the hot spot condition within the 
casting is accentuated as the depth of the appendage 
increases. This is indicated by the more severe shrink- 
age condition for the cases of 2-in. and 4-in. ribs, 


Fig. 4— Effect of chill thickness on 3-in. x 3-in. boss illus- 
trating that chill thickness in excess of 2 in. is overadequate. 
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Fig. 6. Ribs and bosses are actually parasite plate 
and bar castings attached to the parent plate. As for 
any plate or bar a natural chill normally originates 
from the ends of the parasites as described in pre- 
vious papers.1-2 

It has been shown in these previous studies that 
the natural chill effect diminished rapidly as the dis- 
tance from the end increases; hence the differences 
in shrinkage severity shown in Fig. 6 arise from the 
fact that the natural chill effect is quite strong at 
the base plate-appendage junction for the case of the 
l-in. long appendages and much milder for the case 
of the 4-in. long appendages. 

Figure 6 also indicates that under like conditions 
of appendage shape and depth the severity of the 
hot spot condition at the plate-appendage junction 
increases with appendage thickness. This is to be ex- 
pected since the solidification times of the appendages 
increase with thickness to cause a large volume of 
liquid metal to remain at the junction when the 
flow of feed metal from the riser is blocked; upon 
solidification of this liquid a proportionately large 
shrinkage cavity remains. Thus as appendage length 
and thickness increase, more severe chilling of the 
appendage is necessary to neutralize the hot spot 
condition. 

The minimum thickness of chills necessary to neu- 
tralize the hot spot condition at the various append- 
ages is shown graphically in Fig. 7. The similarity 
in behavior of bars and of plates of half the bar 
thickness as reported in previous studies is again evi- 
dent in the case of bosses and ribs; i.e., a l-in. rib 
(plate) , for example, is treated as a 2-in. boss (bar). 
Figure 7 indicates that as appendage length and 
thickness decrease, the condition at the junction re- 
verts from a hot spot to a cold spot. 

Half-inch thick rib appendages per se are shown 
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Fig. 5 — Ettect of chill thick- 

ness on gradient conditions in 

base plate having 2-in. thick, 
l-in. deep rib appendage 


Fig. 6 (Below) — Effect of ap- 
pendage depth and width on 
shrinkage condition at junction 
with parent plate; (top) 2-in. 
ribs, (bottom) 4-in. ribs. 
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Fig. 8 to actually cause a chilling effect at the 
junction since shrinkage occurs between the append- 
age junction and the casting extremity. The 1-in. 
thick ribs (also l-in. x l-in. bosses) solidify and cool 
so rapidly that they act as cooling fins to conduct 
heat away from the parent plate and accelerate 
freezing at the junction. One-inch ribs (also 2 x 2-in. 
bosses) attached to 2-in. thick plates are essentially 
neutral in their effect upon the base plate. 

Radiographs of a series of castings containing 1-in. 
thick unchilled ribs of various lengths, Fig. 9, show 
that with short rib lengths the parent plate solidifies 
essentially as though it were separately cast. When 
the rib length reaches 4 in. a hot spot effect is evident 
due to the fact that the junction is beyond the end 
effect of the rib and a \Y-in. thick chill is required 
to neutralize the condition. It can also be noted 
from Fig. 7 that thick appendages, if sufficiently 
short, are also neutral in their effect upon the parent 
plate. For example 114-in. thick ribs (also 3 x 3-in. 
bosses) of l-in. lengths do not affect feeding char- 
acteristics of the base plate and need not be chilled. 


Chilling for Different Appendage-Plate Combinations 
The procedures thus far described for chilling boss- 
es and ribs, as summarized in Fig. 7, apply only to 
the limited cases of such appendages attached to 2- 
in. thick plate sections. However, past studies per- 


Fig. 8 — Illustrating that '/2-in. thick ribs per se act as chills 
on 2-in. thick parent plate. 
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required to neutralize the hot spot effect in 2-in. thick parent 
plate. 


taining to riser feeding range, chill applications and 
riser dimensioning have established the validity of 
reporting dimensions of castings, chills and risers in 
terms of the abstract ““T” (casting thickness). This 
procedure permits data determined for a specific set 
of conditions to be applied to other sets of conditions 
by substituing for T the thickness of the casing 
under consideraion. 

On the basis of this past experience the chart of 
Fig. 7 was redrawn, as shown in Fig. 10, wherein all 
dimensions are reported in terms of T, the thickness 
of the parent plate, in order to make these chill 











Fig. 9 — Effect of 1-in. thick ribs on 2-in. thick parent plate. 
One and two-inch lengths have neutral effect; 4-in. length 
creates hot spot which is neutralized with '%-in. thick chill. 


data applicable to -a greater variety of appendage 
sizes attached to any given plate thickness. A few 
tests reported in Table 3 indicate the validity of 
these procedures. The method of using this chart is 


Ris AND Boss Hot Spots On Pat 

















TABLE 3 
Base Appendages, in. Chill Effect 
Plate, Thick- Thickness, Inade- Ade- Overa: 
in. ness Depth Width in. quate quate quat 
1x6x10— 1 2 6 None x 
y; ] 2 6 % x 
3x15x30 3 4 15 %/, x 
. 3 6 15 1% x 
rf 
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Fig. 10— Chart for determination of correct chill thickness 
for any parent plate (T)-appendage combination. 


illustrated on the chart for the case of a 3-in. thick, 
8-in. deep rib attached to a 4-in. thick plate. In this 
case T, the plate thickness, is 4 in.; the rib thickness 
of 3 in. is then 34 T and the rib depth of 8 in. 
is 2 T. An adequate chill for this appendage is 
indicated to be one having a thickness of 4, T, or 


114 in. 
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MEASUREMENT OF GAS IN MOLTEN ALUMINUM 


By 





H. Rosenthal and S. Lipson* 


@ An early reference to a vacuum solidification test is 
to be found in a 1929 paper by Budgen.' His use of the 
test was purely qualitative. He demonstrated that a 
gassed metal will form large voids and substantially gas- 
free metal small voids when subjected to vacuum solidi- 
fication. The explanation is that precipitated gas will 
be expanded into large voids by vacuum solidification. 
Voids caused by unfed volumetric shrinkage in a gas-free 
melt are not affected by vacuum solidification and are 
revealed as small scattered voids of the same size as are 
found in samples solidified at atmospheric pressure. 

A more recent reference to a vacuum solidification 
test is in a 1945 paper by Baker.? Here also the test is 
purely qualitative. The test is used to prove that mag- 
nesium alloys are free of gas after certain experimental 
steps. Baker also proves the presence of gas in instances 
where he has deliberately gassed the metal beforehand. 

The value of the reduced pressure test even on a 
qualitative basis has been gaining increased recognition 
and is apparently being used to a significant extent in 
Great Britain. Research in this field has been in prog- 
ress at the laboratory of the British Non-Ferrous Met- 
als Research Association.’ This work has resulted in 
the development of a gas content tester which is being 
marketed commercially. This apparatus has a means 
for conveniently solidifying an aluminum sample un- 
der controlled reduced pressure. The gas content of the 
sample is qualitatively determined by examining the 
appearance of the surface of the sample. A puffed sur- 
face is indicative of high gas content and a depressed 
surface or the relative freedom from gas contamination. 

In the past year or two, the same type of instrument 
has been offered on the U.S. market by several Ameri- 
can companies. It should be noted, however, that the 
technique associated with all these commercial instru- 
ments is a qualitative evaluation of gas content. 

Ohira and Kondic’ have described a quantitative gas 
test which makes use of the density measurement of a 
well-fed atmospherically-solidified test piece as a basis 
for calculation of the gas content. It is believed that this 
test does not lend itself particularly to foundry control 
applications because of: (1) the time consuming nature 
of the density measurement which is made to an accu- 
racy of + 0.005 gm/cc and (2) the complicating effect 
of composition on density as discussed later. 
~ *Metallurgist, Pitman-Dunn Laboratories, Frankford Arsenal, 


Philadelphia. 
55-53 


Reduced pressure solidification, however, serves to 
magnify the effect of dissolved gas on the density of the 
test sample and in this way reduces the accuracy re- 
quired of the density measurement. With this relaxa- 
tion in the accuracy required for the density determina- 
tion, it becomes possible to speed the density test so 
that quantitative foundry control of the gas content of 
aluminum alloy melts is practical. This has also been 
facilitated by the development of an apparatus for 
rapid measurement of density. 

Apparatus. Figure 2 illustrates the apparatus re- 
quired for the test. The principal parts, as shown in the 
schematic diagram, are a vacuum pump, surge tank, 
manostat and test chamber. 

The vacuum pump is a small laboratory mechanical 
pump having a capacity in the order of 10 cfm. Capac- 





760 MM Hg 





Fig. 1 . . Solidification pressure effects on aluminum alloy 
No. 85; mold, 1100 F; metal, 1250 F; 3/5 size. 
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ity of the pump is not important; it is used mainly to 
evacuate the surge tank between tests. The surge tank 
evacuates the chamber. 

Any desired reduced pressure in the surge tank is 
obtained by appropriately setting the manostat, which 
controls by a relay the operation of the vacuum pump. 
This simple mercury-type manostat is adjustable to va- 
rious positions corresponding to different pressures as 
indicated on an attached scale. 

The reduced pressure chamber in which the sample 
is frozen is a glass vacuum desiccator. The line connect- 
ing the chamber with the surge tank has a fast-opening 
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Fig. 2 . . Diagram of reduced pressure test apparatus. 

















valve so that the pressure in the chamber can be 
dropped in less than five seconds. 


Operation. A test run by following this sequence: 

1. Adjust the temperature of the melt to 1300 F. 

2. Partially immerse the specimen cup in the melt. 
This is done with the mouth end of the cup placed 
sufficiently above the melt surface so that no metal is 
permitted to enter until the cup has become sufficiently 
preheated. The cup is then removed from the preheat- 
ing spot and submerged to take the sample. 

3. Place sample into the test chamber. 

4. Close the chamber and open the valve connecting 
the chamber with the surge tank which has been pre- 
viously evacuated to a given setting of the manostat. 

5. Give the sample ingot time to solidify at the re- 
duced pressure. (The pressure selected in this experi- 
mental work was approximately 14 of an atmosphere). 

6. Measure the density of the ingot. 

7. By comparison with the standard density of a gas- 
free ingot, compute the volume of gas in the ingot. 

Density Measurement. The density of the sample 
ingots was measured by means of a gravitometer de- 
veloped for this specific application.* This apparatus 
permits determination of the density of aluminum sam- 
ples within 30 seconds. The apparatus consists of a 
cylinder which contains two immiscible liquids, the 
lighter liquid floated above the heavier liquid. Mercury 
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and ethyl alcohol were used in this case. A specime 
submerged in the alcohol will float upon the surfac 
of the mercury. The density of the specimen is calc. 
lated from the relative displacements occurring in eac! 
liquid. The reproducibility of this instrument wa 
found to be better than + 0.02 gm/cc when measurin 
the aluminum sample ingots obtained with the reducex 
pressure test. 

This gravitometer was developed to satisfy the nee 
for rapid density measurement required for productio 
control applications. Although the conventional tec! 
nique of weighings in air and liquid is inherently 
more sensitive method for measuring density, the na 
ture of the reduced-pressure test specimen is such tha 
the potential accuracy of the method cannot be realized 
The surface of these specimens frequently contain 


pores or openings which connect with internal voids 


caused by gas precipitating during solidification. Seep 
age of the liquid into these voids makes the determi 
nation of the balance point difficult. While the same 
seepage occurs in the gravitometer apparatus, the ra- 
pidity of the test tends to reduce the error attributable 
to this source. 


Calculation of Gas Content. The volume of gas in 
the sample ingots is calculated from the measured densi- 
ty of the sample and the standard density of a gas-free 
ingot. The derivation of the formula follows: 


Let D = Density of sample ingot 
Dy = Density of gas free ingot 
. wi weight 
volume 
__ volume (metal) + volume (gas) 
~ weight (metal) + weight (gas) 


= volume 
D~ weight 





Since the weight of the gas can be negiected, 


1 volume (metal) , Jvolume (gas) 
D ~ weight (metal) ; ' !weight (metal) 








volume (gas) _ S. 
= D, 


I 
weight (metal) D 





o : om © 
cc gas per 100 g metal = 100 (3 De 


Since the gas which formed the voids in the sample 
was precipitated at 90 mm Hg and at the freezing tem- 
perature of the alloy (521 C), the volume of gas at 
standard conditions of pressure and temperature (STP) 
must be corrected in accordance with Boyle’s and 
Charles’ laws. 


90 273 


volume (STP) = (=) x (=) >< (measured volume) 


volume (STP) = 0.0408 < (measured volume) 


cc gas per 100 gm metal (STP) = 4.08 (> i + 

0 
Solidification Pressure. Consideration was given to 
the effect of the geometry of the sampling cup on the 
retention of gas within the sample. The ratio of free 
surface area to the volume of the sample should have 
an important bearing on the gas loss which occurs. The 
thin, drawn-steel cup which was adopted for this work 
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was one whose length was approximately three times 
tue inside diameter (7% in.). Sectioned specimens made 
in this cup are shown in Fig. 6. 

The selection of a solidification pressure for the test 

related to the sensitivity required. With lower pres- 
sures the volume of gas lost from the sample is in- 
creased. The mechanism by which some of the gas con- 
tained in the sample is lost in the course of the test is 
discussed later. When the reduced-pressure test is em- 
ployed on a qualitative basis for low gas content alumi- 
num, it is necessary that low solidification pressure be 
used to realize the required sensitivity. Dardel’ notes 
that French foundrymen most commonly use pressures 
of 1/760 atmosphere. 

By employing a density measurement to provide 
quantitative data, it has been found that approximately 
lg atmosphere provides sufficient sensitivity for most 
foundry test purposes. This permits a workable degree 
of sensitivity for purposes of density measurement with- 
out excessive gas loss from the sample. 

Figure | shows a series of aluminum ingots solidified 
under various pressures. These specimens, containing 
essentially the same amount of gas, were prepared in 
the course of preliminary work on this program. This 
series shows the effect of solidification pressure on the 
size and distribution of gas holes. The sampling cup 
was a 4/0 clay-graphite crucible preheated to 1100 F. 
used for these specimens. 

Calibration. The procedure used to calibrate the test 
was to pour two test ingots from a given melt at the same 
time. The first ingot was solidified under atmospheric 
pressure, the second in the reduced pressure chamber. 

Three melts having varying amounts of dissolved 
gas were prepared and periodically sampled in this 
manner. The density of the atmospherically solidified 
sample was determined by the conventional method of 
weighing in air and ethyl alcohol. Density of reduced 
pressure samples was measured in the gravitometer. 

The data obtained were plotted in Fig. 3. The ordi- 
nate scale represents cc gas/100 gm metal at STP and 
the abcissa represents holding time. The gas contents 
calculated from the atmospherically-solidified samples 
were consistently higher than the gas contents calcu- 
lated from the reduced-pressure samples. This error is 
in a direction which would indicate that gas is evolved 
and lost from the sample during reduced-pressure solid- 
ification. At higher levels of gas content, the divergence 
of the data is greater than for lower gas contents. 

It was assumed for purposes of computation that the 
data plotted in Fig. 3 represent straight line functions. 
The equation of the best fitted line for each set of data 
was determined by the method of least squares. 

It is apparent that the slopes of the paired lines of 
each heat are nearly equal. This indicates that some 
systematic error is present which is responsible for the 
difference in the paired lines. It is also apparent that 
this difference is due to a regular loss of gas from the 
specimens solidified at reduced pressure. 

It is a relatively safe assumption that the gas content 
calculated from atmospherically-solidified samples is 
very close to the actual gas content as shown by Ohira 
and Kondic.® It should then be possible to compute a 
correction factor which could be applied to the data 
obtained from the samples solidified at reduced pres- 
sure so that values would be substantially equal to 
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values for specimens solidified at atmospheric pressure. 

Examination of the data plotted in Fig. 3 indicates 
that the magnitude of the systematic error is dependent 
upon the gas content of the specimen. The shift of the 
paired lines is greatest for the heats containing the most 
gas. In order to make the best estimate of the correction 
to be applied at various gas levels, the shift in the paired 
lines was measured at the center of the holding time 
axis. The distance between each set of lines was plotted 
in Fig. 4 versus the gas content corresponding to that 
indicated by the reduced-pressure solidified samples at 
these points. Figure 4 then shows the magnitude of the 
correction to be applied to the gas content indicated by 
each specimen solidified at reduced pressure. 

It would be expected that the line in Fig. 4 would 
intersect the origin of the graph if the total correction 
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Fig. 3 . . Graph of data used to calibrate test. 


were due solely to loss of gas from the sample. Obvi- 
ously, a melt which is initially free from gas would 
produce a specimen of constant density, irrespective of 
the solidification pressure. The shift of this line from 
the origin could easily be due to the acceptance of an 
incorrect value for the true density of the alloy. An 
error of 0.01 gm/cc in this estimate would be sufficient 
to account for this error. 

All of the reduced-pressure data points were corrected 
in accordance with the correction indicated by Fig. 4, 
and replotted in Fig. 5. Each point in the figure was 
obtained from the two companion specimens. The or- 
dinate represents the calculated gas content of the at- 
mospherically-solidified sample and the abcissa the cal- 
culated (corrected) gas content for the sample solidified 
at reduced pressure. A 45° line having its intercept at 
the origin was drawn to represent the theoretical line 
upon which all the points should fall. 

The fit obtained is reasonably good and demonstrates 
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Fig. 4... Gas content correction applied to test. 
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Fig. 5. . Data points show conformance to Boyle's law. 


that a reliable relationship exists between the density 
value obtained from a specimen solidified at atmos- 
pheric pressure and the corrected density value ob- 
tained from a specimen taken from the same melt at the 
same time and solidified at reduced pressure. 

Although specimens which have been solidified at at- 
mospheric pressure can be used to make a semi-quanti- 
tative estimate of gas content, the reduced-pressure 
specimen is, in fact, essential to the successful applica- 
tion of a foundry control test for the following reasons: 

1. Without the enlargement of the gas bubbles 
caused by reduced-pressure solidification, it would be 
necessary to employ the prohibitively time-consuming 
conventional method for density measurement in order 
to achieve the required accuracy. 

2. Calculation of the gas content from a density meas- 
urement requires a knowledge of the true density of the 
alloy. Due to compositional variations within specifi- 
cation limits, a certain amount of variability of true 
density exists for a given alloy. For example, Alloy No. 
195 has specification copper limits between 4 and 5 per 
cent. This results in a calculated variation in true densi- 
ty between 2.798 gm/cc and 2.822 gm/cc. Such a varia- 
tion would account for a possible error of +0.045 cc 
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gas per 100 gm metal for an atmospherically-solidifie | 
sample. For reduced pressure solidification at 100 m: 
Hg, the error due to the same compositional variatic 
would be limited to +0.006 cc gas per 100 gm mets 


Discussion. The equilibrium solubility of hydrog« 
in liquid aluminum under ordinary atmospheres mu: 
be considered to be nil since very little hydrogen 
present in the atmosphere. The approach to equilibr 
um in a gassed heat has been observed to be extreme), 
slow. This is believed to be due to the presence of the 
oxide film over the melt surface which forms an effe: 
tive barrier limiting diffusion of the gas into the atmos 
phere. Some of the gas contained in the melt, however, 
may be released by forming bubbles which float to the 
surface and break through the oxide film. 

Experience with aluminum has indicated that this 
process of bubble formation may start while the melt 
is in the liquid phase. Nuclei to initiate bubbles are al- 
ways present in the melt; the rate at which bubbles are 
formed being dependent upon the state of saturation. 
Foundrymen have long observed this phenomenon and 
many references may be found to show that allowing 
the melt to stand for a time before pouring results in 
a decline in the gas content. Figure 3 shows that hydro- 
gen is given off more rapidly the higher the initial gas 
content of the heat. 

Allen’ has shown that the spontaneous formation of 
a bubble is governed by the relationship: 

2T 
d = P + , 


where @ is the pressure on the bubble within the melt. 
P is the hydrostatic pressure of the molten metal plus 
the pressure of the atmosphere above it, T is the sur- 
face tension of the metal, and r is the radius of the 
bubble. When a sample of metal is solidified under re- 
duced pressure, the value of P is decreased. This in 
turn reduces which means that bubbles are formed 
more easily. At the same time, bubbles which are 
formed under conditions of reduced pressure are larger 
and more buoyant. They rise faster through the metal 
and their escape is thus facilitated. These factors ex- 
plain why more gas is lost from the reduced pressure 
samples than from those at atmospheric pressure. 

Higher temperatures would mean the sample would 
be in the completely liquid phase for a longer period 
and, since the loss of gas is a function of time as well as 
state of saturation, more gas bubbles would be evolved 
during the period when they can easily escape. 

The principal means by which bubbles are trapped 
is due to the formation of dendrites during freezing. 
These dendrites result in a mushy condition which ef- 
fectively prevents the bubbles from moving through the 
remaining liquid. Fortunately, most of the gas is re- 
jected from the liquid during the freezing process. A 
sharp decline in solubility occurs at the freezing point 
of the metal® which results in a rapid enrichment of the 
interdendritic liquid with gas thus promoting bubble 
formation. Development of the dendritic network pro- 
vides additional nuclei to initiate bubble formation. 

Although this work covered a wide range of gas con- 
tents, the chief utility of the semi-quantitative test is in 
the range that would correspond to a gas level not ex- 
ceeding that found in Heat No. 3 (Fig. 3). Severely 
gassed metal can be easily detected by the reduced pres- 
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Fig. 6... Severely gassed metal can 
oe detected easily on a qualitative 
basis. From left to right, solidified 
at 90 mm Hg: 


Density (gm/cc) cc Gas/100 
gm metal 

2.357 0.29 STP 
2.529 0.15 STP 
2.714 0.03 STP 
2.742 0.015 STP 
2.789 0.0 STP 


sure test on a qualitative basis. This is apparent by ex- 
amination of Fig. 6 which shows a number of samples 
taken from melts of a wide range of gas contents. The 
qualitative evaluation can be made without sectioning. 
The appearance of the free surface of the sample ingot 
is convex if severe contamination exists and changes to 
concave where moderate quantities of gas are present. 

The quantitative test differentiates between what 
might be regarded as heats of low gas content and heats 
which are substantially free from gas. Another field of 
usefulness for the quantitative test would be for con- 
trol purposes in those instances where gas is deliber- 
ately added to aluminum before casting. This is some- 
times done both for sand and permanent mold castings 
which cannot be adequately fed. 

All the work described in this report concerned the 
5 per cent Si, 4 per cent Cu aluminum alloy. Similar 
tests run with other compositions having mushy solidifi- 
cation ranges indicate they are amenable to the test. 

It should be clearly understood that not all of the 
procedures described in this paper are necessary for the 
routine operation of the test. In establishing the validity 
of the test, it was necessary to relate the experimentally 
determined gas content figures as precisely as possible 
to the absolute gas content of the heat. 

However, for foundry control purposes, the directly 
determined density reading should be sufficient. This 
reading will easily discriminate between heats which 
are completely degassed as compared to those with a 
low but appreciable residual gas content. In other 1n- 
stances, it may be desired to maintain a given level of 
gas content in the metal in order to distribute shrink- 
age unsoundness in only partially-fed castings. In this 
case, the desired effect in a given casting can be corre- 
lated directly with the density test readings. 
















Conclusions. It is concluded that: 

1. Under standardized conditions of testing a corre- 
lation can be established between the density of atmos- 
pherically-solidified samples of aluminum alloy and the 
density of companion specimens taken from the same 
heat at the same time and solidified at reduced pressure. 

2. The volume of gas lost during reduced-pressure 
solidification is related to the initial melt gas content. 

3. Reduced pressure solidification is essential to a 
rapid quantitative gas test for aluminum. 
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CASTING FINISH AS AFFECTED 





BY SAND ADDITIVES 


@ Casting finish is becoming in- 
creasingly important. New processes 
such as shell molding, D process, 
and investment casting have been 
developed with one of their features 
being good finish. 

Over the years, various means 
have been used to improve the sur- 
face finish of green sand castings. 
Today a variety of additives is being 
used in molding sands in an attempt 
to minimize cleaning costs, elimi- 
nate or reduce machining opera- 
tions, or improve appearance. The 
trend in sand seems to be toward 


*Sand Laboratory Foreman, John Deere 
Waterloo Tractor Works, Waterloo, Iowa. 





By 


Burdette Jones* 


finer sands with a specified number 
of screens. 

Several years ago, a series of test 
castings was made using sands from 
the various molding units in the 
plant. Some production sands pro- 
duced expansion defects on the test 
casting though they could produce 
a satisfactory finish on the size and 
weight of jobs on the molding units 
in which they were used. A test pat- 
tern 12 in. square and varying from 
3% to 2 in. thick was used. The pat- 
tern was made of plywood and the 
thickness was increased by adding 
more pieces of wood. Castings were 
made to compare the molding sand 





mixes, pouring times, and iron tem- 
peratures, 

During the investigation to re- 
duce expansion defects, various 
kinds and amounts of carbonaceous 
materials were mulled into the 
sands. It was noted that as the car- 
bonaceous materials were increased, 
effects of expansion were elimi- 
nated. However, with excessive ad- 
ditions of these materials, the cast- 
ings became dirtier. To go to ex- 
tremes, a test casting was faced with 
a pre-mix, containing no sand at all, 
as described in the May 1954 issue of 
AMERICAN FOUNDRYMAN (pages 123- 
126). This mix was composed of 114 
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Fig. 2..35% western bentonite, left; 5%, right. 








Fig. 5..40% seacoal, left; 30% seacoal, right. 





Fig. 3..2% % seacoal, left; 50% western, right. 





parts by weight of a hardwood wood 
flour, 4 parts by weight of sea coal, 
3 parts of western bentonite, with 
enough water (about 14 per cent) so 
that it could be used as a molding 
material. 

The casting appeared to be cov- 
ered with a raised honeycomb of 
very highly veined iron. This pecu- 
liar surface condition was thought, 
at that time, to be over-correction of 
expansion, an example of excessive 
contraction. The experiments were 
stopped before the cause of this con- 
dition was determined. 

Later, another series of test cast- 
ings was made. The purpose of this 
investigation was more basic — to 
start determining the effects of sand 
additives individually on gray iron, 





Fig. 4..20% seacoal, left; 10% seacoal, right. 





Materials such as western bentonite, 
sea coal, wood flour, pitch, and ce- 
real are used in most foundries. A 
series of test castings was made in 
which increasing amounts of these 
and some additional ones—rosin, 
urea formaldehyde, and coke—were 
added to a base mix. To be conclu- 
sive, each was added in extreme 
amounts. 

The base mix was a washed and 
dried, four screen, 68 to 72 AFS fine- 
ness number silica sand with 5 per 
cent western bentonite added for 
bond. The various percentages of 
materials were added to this base, 
mulled dry in an 18-in. laboratory 
muller 3 minutes, then an addi- 
tional 4 minutes with sufficient wa- 
ter to temper. 


Fig. 6..5% wood flour A, left; 2% %, right. 





Fig. 7... 20% wood flour A, left; 10%, right. 


Two test patterns, 8 in. square 
and 14 in, thick were mounted on 
the drag side of a matchplate for 
a 12 x 22-in. snap flask. Two gates, 
y, in. thick and % in. wide con- 
nected one side of each pattern to 
a common runner. The cope was a 
flatback except for the runner. Two 
test castings in the same mold al- 
lowed a better comparison of mold- 
ing materials by practically elim- 
inating all of the mechanical varia- 
tions of molding, pouring time, fer- 
rostatic pressure, and metal analy- 
sis or temperatures. 

After several castings were made 
with this new pattern, it was de- 
cided that more information would 
be gained if the prepared mix was 
also compared at the same time 
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CASTING FINISH AFFECTED BY SAND ADDITIVE: 


Fig. 8 .. 40% wood flour A, left; 40% A, right. 





Fig. 10..5% pitch, left; 2% % pitch, right. 


with some regular production mold- 
ing sand. So, a strip across the center 
section of both cope and drag, 
parallel to the runner was faced 
with the material being tested. The 
rest of the pattern, gates, and run- 
ners were covered with squeezer 
heap sand. 

Western bentonite was used to 
start the series. The base mix of 
silica sand and 5 per cent bentonite 
required about 2.6 per cent mois- 
ture to bring it to temper. The test 
casting (Fig. 2) had three expan- 
sion defects (rattails) on the drag 
surface. Two more mixes were made 
containing 35 per cent and 50 per 
cent bentonite. In order to bring 
these mixtures to temper and dis- 
perse the water throughout the clay, 
it was necessary to blend the water 


with the sand and then add the 
bentonite. No expansion defects 
were noted with the increased 
amounts of bentonite (Fig. 2 and 
Fig. 3). All three test castings were 
slightly rough and lighter in color 
indicating a tendency for the sand 
to burn on. 

In experimenting with sea coal, 
test castings were made using a 
coarse-grind, five-screen, 47 AFS 
fineness number sea coal. When 
only 214 per cent was added to the 
base mix (Fig. 3), a slight expansion 
defect (rattail) was present near 
the gate area in the drag. The cast- 
ing finish was about the same as 


‘that produced by the heap sand. 


Additional amounts of sea coal 
eliminated all expansion defects. 
The 10 per cent sea coal mix (Fig. 





Fig. 11 .. 20% pitch, left; 10% pitch, right. 





Fig. 12... 20% rosin, left; 10% rosin, right. 





Fig. 13... 20% rosin cope, left; 10%, right. 


4) had a smoother finish than the 
heap sand, but there were some evi- 
dences of excessive gas and segrega- 
tion of dirt along the sides of the 
gates in the drag. 

With 20 per cent (Fig. 4), finish 
was smoother, no grains of sand 
were noticeable, and an alligator 
skin finish started to appear with a 
few raised veins. Both the cope and 
drag surface were depressed into 
the mold cavity. There was evidence 
of excessive gas on both cope and 
drag. Thirty and 40 per cent sea 
coal (Fig. 5) increased the size and 
number of veins, gas and its dirt 
accumulations; the surface was still 
depressed into the mold cavity. 

Three different kinds of prepared 
wood flours were compared (Fig. 
6, 7, 8, 9). The test castings were 
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very similar in appearance through 
30 per cent additions. Two and one- 
half per cent eliminated any expan- 
sion defects. The finish, though 
slightly rougher was more uniform 
than the heap sand. There was no 
evidence of excessive gas. Five per 
cent gave a better finish than the 
heap sand; no gas in the drag, but 
some in the cope. Ten per cent gave 
a still better finish than the heap 
sand; no gas on the drag surface 
but considerable over the cope. 


Twenty per cent showed definite 
erosion on both cope and drag sur- 
faces, rough finish, and effects of 
gas and dirt. Thirty and 40 per cent 
continued the same trend, the cast- 
ing was considerably larger than the 
mold cavity due to burning out and 
erosion of the surface. Here, at 40 
per cent, wood flour B started show- 
ing the alligator skin effect that was 
similar to the 20 per cent sea coal. 


Pitch (Fig. 10, 11) was used at 
21% per cent with the base mix. The 
finish was very smooth, similar to 
a shell molded casting. There was 
some accumulation of gas effects 
along the sides of the gate area, 
similar to the ten per cent wood 
flour. This unusual effect was pres- 
ent with all four of the pitch test 
castings. Five per cent was still a 
very smooth finish between defects 
along the gate and some large 
smooth pin holes of gas in the cope. 
Ten per cent pitch retained the 
smooth finish in the drag except 
for effects of gas and segregation of 
dirt along the gate. The cope was 
very dirty. Twenty per cent caused 
sufficient gas for the metal to still 
be agitated when it solidified. The 
cope had many dirt inclusions and 
some blisters. 

A purchased, powdered rosin was 
tested in the same percentages as 
pitch. The test castings (Fig. 12, 
13) were very similar to the pitch 
though the finish was not as smooth 
and more gas was present, indicat- 
ing that rosin might possibly be 
used as a substitute for pitch but 
in smaller percentages. 


A urea formaldehyde resin was 
used at one per cent, There were no 
expansion defects. The finish was 
uniformly rough, similar to a coarse 
sandpaper. Two per cent was used 
next. The finish, still free from ex- 
pansion defects, had a smoother 
feel, similar to a medium sand- 
paper. The 4 and 8 per cent mixes 


Fig. 14.. 


Fig. 15.. 


Fig. 16.. 


309 





8% rosin A, left, and 4% A, right are similar to 2% casting. 





8% cereal lift, and 4%, right are similar to rosin tests. 





40% coke left; 30%, right; 20% eliminated expansion defects. 
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Fig. 18 ..40% sea coal—100 mesh (155), left; 30-40-50-70 (40), right. 


Fig. 19..40% sea coal—140 mesh (175), left; 30-40-50 (30), right. 


(Fig. 14) were almost identical to 
the 2 per cent casting. 

A heavy corn cereal (Fig. 15) was 
used in the same percentages as the 
urea formaldehyde; results were 
very similar. The casting finish was 
a degree or two smoother, from a 
medium to a fine sandpaper. Some 
evidence of gas was present on the 
cope surface in the higher percent- 
ages of cereal. 

Ten per cent ground coke was 
mixed with the base sand. Two 
small expansion defects, a buckle 
and a rattail, were present in the 
gate area of the drag. The finish was 
coarse and rough on both cope and 
drag. At 20 per cent coke, the ex- 
pansion defects disappeared and 
the finish was still rough. Thirty 
and 40 per cent coke resulted in a 
somewhat smoother finish (Fig. 16). 

All of the prepared mixes, total- 
ing over 100, were tested in the lab- 
oratory at room and elevated tem- 
peratures. As only one mix of each 
kind was made, and there were no 
rechecks, the physical properties 
obtained were not conclusive. 

Most additions made to a mold- 
ing sand apparently tend to stabilize 
it and prevent expansion defects. 
Additions that burn easily and 
whose residue lacks strength should 
be kept below a concentration that 
will allow erosion to take place. 
Additions that produce gas should 
be closely controlled. They are 
limited to the extent that the sand 
can vent and the iron stay fluid un- 
til the pressure of the gas has dis- 
sipated sufficiently for all of the 
mold cavity to be filled with iron. 
Any agitation of the iron by gas 
flowing thru it tends to form a scum 
that collects and produces a dirty 
finish. 

A loss on ignition test of a sand 
is not necessarily a means of de- 
termining the amount of gas that 
will be produced. If a synthetic sand 
of facing is compounded of all new 
ingredients, it might be satisfactory 
provided the potential amounts of 
gas produced by each component 
are known. One ground wood flour 
will produce more than another and 
either will produce more than the 
same weight of sea coal. Most sands,. 
though, have been used and some 
of the carbonaceous material has. 
been partially coked. 

At one time, a molding unit 
operated at a very high loss.on igni- 
tion, over 30 per cent for a week. 
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This high figure was gradually at- 
tained and the carbonaceous mate- 
rial was mostly coke. The castings 
made had large, flat areas that were 
very susceptible to expansion de- 
fects. This unusual sand worked 
very satisfactorily. 

Probably the most simple sand 
mix is the best one. With each addi- 
tional ingredient, the possible var- 
iables increase. Generally, when one 
factor is improved, others are ad- 
versely affected. When experiment- 
ing, avoid the gradual approach, try 
what you think would be an excess 
and if it is, then decrease to deter- 
mine the optimum amount to use. 
A gradual approach from the low 
side takes considerable time and 
you can never realize the most favor- 
able condition until it has been 
exceeded. 

Test castings of production mixes 
should be made periodically to check 
molding conditions. Laboratory 
tests may be consistent, but all of 
the factors are not known or tested. 
The ideal laboratory would be one 
that could exactly duplicate, under 
controlled conditions, all of the 
known molding sand properties. 
Such a situation isn’t common and 
there are still some unknowns about 
sand. 

Generally, for control purposes, 
only a few of the properties—mois- 
ture, permeability, green compres- 
sion strength, and loss on ignition 
—are determined at periodic inter- 
vals. Even these few tests require 
considerable equipment. But, any 
foundry, irrespective of size or ton- 
nage, can pour test castings either 
to check new products or to deter- 
mine if their molding materials in 
use are remaining the same. Un- 
doubtedly conditions are not con- 
stant and there is a gradual change, 
though any foundryman would be 
willing to swear “We're making 
them exactly the same as we did the 
last time, or two years ago.” A review 
occasionally might be enlightening 
and _ profitable. 

The second series of test castings 
affords a good opportunity to illus- 
trate two things. First, that we still 
know very little about some of the 
properties of materials we use. Sec- 
ond, that by controlling the in- 
gredients of the sand mix it is pos- 
sible to exercise some control of the 
resultant casting. 

The casting illustrated in Fig. 1 
was made in a snap flask on a jolt- 


squeeze machine. The pattern was 
a flat smooth rectangular piece of 
l4-in. plywood with the initials in 
the center and draft on the sides. 
A small rectangular wood frame, 
with draft on the inside and large 
enough to inclose the initials and 
some of the center area, was placed 
on the pattern, filled with molding 
sand, and tucked slightly. The 
frame was removed and the outside 
of the pattern brushed to remove 
any spilled sand. 

The rest of the pattern was then 
covered with about an inch of pre- 
mix as described earlier. The flask 
was then filled with backing sand, 
jolted, and squeezed like any mold. 
The cope was a flat back. Two, 
4 in. thick by 34 in. wide yates 
were cut from one side of the pat- 
tern to the runner. The mold was 
poured with the regular squeezer 
production iron and considerable 
gas was given off. 

The highly veined surface is due 
to the coking of the sea coal. As the 
sea coal is exposed to heat, the free 
water is immediately evaporated. 
The volatile material starts to leave, 
the coal breaks open, and gases 
escape through the fissures. The 
higher melting point volatiles final- 
ly are driven off through a boiling 
mass of liquid pitches. The gases, 
breaking through this carbonaceous 
material, form thin skins of carbon 
or coke. This increases the physical 
size due to the expanding gases in 
the soft plastic mass. The whole 
mass then starts to shrink back 
as the last of the gases escape and 
when it has lost its plasticity, the 
physical shrinkage stops. The coke 
thus formed has sufficient strength 
to resist the erosive action of the 
iron. 

Charcoal, formed from the wood 
flours, does not have enough 
strength and only the effects of ero- 
sion are present when high percent- 
ages are used. The one exception, a 
by-product, was probably due to the 
presence of other materials in its 
compounding. The castings made 
with pitch and rosin showed no 
veining but vast amounts of gas due 
to the low non-volatile material left 
after heating. 

Combinations of 20 per cent sea 
coal and 10 per cent of the three 
different wood flours were made. 
The finish (Fig. 17) was very similar 
to the 20 per cent sea coal alone 
except for evidence of more gas and 
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Fig. 20 (top) .. 10, 20, and 30 sec. 
exposures show fissuring. Fig. 21 
(second down) .. Drag after clean- 
ing. Fig. 22 (third down). . Cope 
before cleaning. Fig. 23 (bottom) 
. . Cope after cleaning. 
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a slightly finer veining condition. 

Samples of sea coal were screened 
and the 70 mesh and coarser was 
compared with the 100 mesh and 
finer. A second set of test castings 
was made with sea coal 50 mesh and 
coarser in contrast to 140 mesh and 
finer. These screened sea coals were 
used at 40 per cent concentration. 
All of them showed considerable 
veining (Fig. 18, 19) but in slightly 
different patterns. This was due to 
the difference in fusion and fissuring 
of the various sized coal with the 
inert sand. 

To further demonstrate the cause 
of this phenomena, a rectangular 
steel frame was rammed up with a 
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pre-mix composed of 7 parts by 
weight of sea coal and 214 parts of 
western bentonite, and struck off 
flat. This was placed over a freshly 
poured runner box and a portion 
of the surface exposed to the heat 
for 10 seconds. The frame was then 
moved to expose another part for 
20 seconds, and again moved over 
for a 30-second exposure to the heat. 
The 10-second exposure (Fig. 20) 
started many hair line cracks that 
were further opened up with the 
longer exposure to the heat. By 
thirty seconds, a skin had formed 
that raised up in the center, de- 
taching itself from its backing 
though still held at the vein, similar 


to small pieces of orange peel laid 
curved side up on a flat surface. 

A close inspection of a veined 
casting shows that, between the 
veins, the molding material bulged 
out and expanded into the mold 
cavity. Comparing the cope and 
drag (Fig. 21, 22, 23), the drag gen- 
erally has numerous thin sheets of 
metal at right angles to the veins 
that have run behind the bulged- 
out surface. The iron at the cope 
surface, being less fluid and cooler, 
does not do this. 

The author wishes to acknowl- 
edge the helpful suggestions of W. 
R. Jennings, foundry supt. 
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METALLURGICAL REQUIREMENTS AND PRODUCTION 
TECHNIQUES FOR TITANIUM CASTINGS 


By 


‘ D. I. Sinizer and C. M. Adams, Jr.* 


@ After extracting titanium from its ore, one of the 
major concerns of the titanium metallurgist is to keep 
the metal from becoming an alloy of titanium with 
carbon, nitrogen, oxygen, or hydrogen. He must also 
keep it free from contamination by commonly used re- 
fractories with which titanium reacts readily. Since 
titanium and its alloys can rapidly lose their utility by 
such contamination the metallurgy of titanium is re- 
stricted to atmospheres and equipment which will keep 
the metal pure. 

In producing commercial ingots of titanium and its 
alloys for subsequent reduction to fabricated forms, 
consumable electrode melting is most often employed. 
A briquetted-sponge titanium bar becomes one elec- 
trode of an electric arc, a water-cooled copper mold is 
the second electrode. The electric arc between these two 
electrodes melts the sponge bar into a pool of molten 
metal on top of the partially solidified ingot. The ingot 
solidifies progressively and either the ingot or the con- 
sumable electrode is retracted as the ingot solidifies 
while new sponge is fed into the arc. Melting proceeds 
in this fashion until the desired ingot length is pro- 
duced. Melting is carried on in a partial vacuum or in 
an inert atmosphere and liquid titanium is always in 
contact with a shell of solid titanium. Only a relatively 
small quantity of metal is molten at any given time. 

Shape casting titanium and its alloys requires the 





* Project Manager, Metallurgical Dept., National Research Corp., 
Cambridge, Mass., and Asst. Prof. of Metallurgy, M.I.T., Cam- 
bridge, Mass. 


55-55 


$13 


same rigid control of atmosphere and equipment. It is 
further complicated by the necessity for maintaining a 
liquid bath large enough to fill the desired mold cavity 
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Fig. 1 .. Thermal features of skull melting when pool is 
formed and heat flow approaches a steady state. 
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and by the insane desire of the cast metal to react with 
the mold material. A solution of these problems has re- 
sulted in a commercially feasible process for shape cast- 
ing titanium and its alloys. 

Split-mold castings in specially prepared molds have 
been made with good surface finish, a minimum of sur- 
face contamination, a high degree of soundness, and 
good physical properties. Investment castings have been 
made with excellent definition and precision using 
modifications of standard techniques. The molding 
process is covered by U. S. patent applications. 

There have been many descriptions in recent techni- 
cal literature of apparatus, procedures, and ideas for 
handling and casting titanium and other so-called rare 
or refractory metals. At first glance the field appears to 
be full of pure gadgetry since attention is invariably 
focussed upon equipment details rather than underly- 
ing principles, and differences between the techniques 
of various investigators are emphasized, rather than 
similarities. Consequently, before launching into de- 
scriptions of yet another apparatus, the following para- 
graphs are a summary of the essential problems in- 
volved in casting titanium directly into useful shapes 
without contamination by carbon, oxygen, nitrogen, or 
hydrogen. All of the melting furnaces and molding 
procedures which have been described, and successfully 
used, have several features in common, since the metal 
itself dictates a fairly rigid set of rules. 

Handling Liquid Titanium. The outstanding charac- 
teristic of liquid titanium is, of course, its chemical re- 
activity. Protracted contact with any known nonmetal- 
lic refractory will result in contamination, and the only 
suitable melting atmosphere is an inert gas, or vacuum. 
Regardless of crucible material, thermal conditions are 
adjusted so that the crucible is “lined” with solid titani- 
um by using a localized source of heat above the cruci- 
ble and encouraging heat loss through the crucible 
walls, thus maintaining a pool of liquid metal in a solid 
skull. To date, the only reasonable heat source which 
can be localized in this way and which is operative 
above 3000 F is an electric arc. 

The reactivity of titanium also seriously hampers 
the molding procedure. To employ nonmetallic refrac- 
tory molding materials successfully, the metal must 
freeze and cool fairly rapidly to avoid harmful surface 
contamination. The solidification time for a section of 
a casting must not exceed a certain critical value if 
contamination or mold breakdown is to be avoided. 
This critical value depends solely upon the stability of 
the refractory and the length of time the mold-metal 
interface is at high temperature. Therefore, very heavy 
sections can only be cast in metal or water-cooled molds 
to avoid contamination during their increased period 
of solidification. 

The use of heated or insulated molds is definitely 
limited because they increase solidification time and, 
therefore, the possibility of surface contamination. 
Molds may be heated slightly to improve fluidity if the 
casting section is thin, and the refractory is relatively 
stable (does not easily give up its oxygen). 

Refining and Remelting. The possibilities of devel- 
oping techniques for removal of carbon, oxygen, nitro- 
gen, and hydrogen from the melt have not been fully 
investigated. A very high vacuum, maintained over a 
bath of molten titanium for some time could, in prin- 
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ciple, remove all four elements (carbon would evolve as 
monoxide). The chief practical difficulty lies in main- 
taining an efficient arc with a permanent electrode in a 
high vacuum. Even the elaborate zone-melting tech- 
nique would be foredoomed to failure since nitrogen 
and oxygen would tend to segregate in a direction oppo- 
site to that of carbon and hydrogen. 

In the absence of melt refining, the amount of re- 
turned scrap which can be tolerated in the charge is 
limited by the purity of the sponge, contamination (if 
any) to be expected during melting, and the quality of 
the scrap. Gates and risers which have reacted excessive- 
ly with the mold must be conditioned before melting. 
Since it has been found possible to avoid measurable 
contamination during melting, the outlook for remelt- 
ing scrap is bright. 

Thermal Features of Skull Melting. Skull melting 
imposes some drastic limitations on the control of pour- 
ing rate and liquid metal temperature. Consider the 
thermal picture as it exists after a pool of liquid metal 
has been formed in the crucible and heat flow has stabi- 
lized, more or less, a steady state (Fig. 1). The metal is 
roughly in the form of a hemisphere, flat side up, with 
the heat source near the center of the flat surface. The 
outside of the hemisphere is solid; heat flows from the 
source through the liquid and solid titanium into the 
crucible. Little melting takes place because heat loss 








Fig. 2. . Typical gating of investment cast test bars. 
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nearly equals heat input at this stage. There is a con- 
tinuous temperature gradient from the hottest region 
(near the arc) to the crucible. The interface between 
liquid and solid titanium is, of course, at the melting 
point. The bulk of the liquid is above the melting 
point and, although the temperature is nonuniform, 
it is convenient for casting purposes to think in terms 
of an average liquid temperature. The only way in 
which this average temperature may be raised is to 
increase the flow of heat through the system, thereby 
increasing the temperature gradient in the liquid. The 
rate of heat removal from the crucible must also be 
increased to balance the higher power input and main- 
tain the skull. 

Figure | shows idealized temperature distributions 
calculated for two power inputs. These distributions 
are calculated assuming spherically symmetrical, steady 
heat flow from a localized central source, through the 
bath and into the skull. Temperature, T, as a function 
of the distance, r, from the center of the heat source is 
calculated from Equation 1: 





_ 3.41 P (R, — r) 
id es 2 Kr R,, 
where: K = thermal conductivity, Btu ft/hr F 
P = power transmitted through the liq- 
uid, watts 
3.41P = power transmitted through the liq- 
uid, Btu/hr 


R,, = radius of liquid zone, ft 
T,, = melting point, F 
The average temperature, T,,, (based on total liq- 
uid heat content) is calculated from Equation 2: 


3.41 P 
Tew = dor K R,, 


The values, 4 and 2 kw, refer to that fraction of the 
total power which actually finds its way into the metal, 
and through the skull. The total power requirement 
to maintain liquid bath of this magnitude is, of course, 
much larger because of radiant heat losses from the 
arc and the metal. Average liquid temperatures for the 
two levels of power input are also shown in Fig. 1. Fig- 
ure | is intended to illustrate principles rather than 
magnitudes; it should be noted, for example, that the 
shape of the liquid zone in skull melting is shallower 
and wider than a hemisphere. The magnitudes indi- 
cated in.Fig. | pertain to conditions in a small single 
electrode arc-melting unit. 

Equation 2 shows superheat is roughly proportional 
to power input and inversely proportional to thermal 
conductivity. The melting process is definitely ben- 
efited by the low thermal conductivity of titanium. 
It is interesting that, for a given power input, superheat 
is inversely proportional to the size of the bath; how- 
ever, a large bath retains superheat longer when power 
is interrupted for pouring. 

The superheat present in the liquid metal, as poured 
from the skull, is quite low then for two reasons: The 
amount of heat which can be pumped through the 
system is limited, and steep temperature gradients are 
rapidly dissipated when the power is turned off before 
pouring; the liquid tends to approach a condition of 
equilibrium with the skull, which means superheat is 
lost unless pouring is done quickly. 
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Gating. The preceding paragraphs have described 
conditions which impose limitations on the casting of 
titanium. The principal problem is one of casting rel- 
atively cold metal into a relatively cold mold. It has 
been found necessary to pour very rapidly through 
large gates. Solidification appears to be quite rapid 
and good surtace detail is difficult to achieve. There is 
a marked tendency to entrap inert gas (which is present 
to support the arc) so that overflows are frequently 
used to reduce turbulence in the mold cavity. Oversize 
gates in conjunction with overflows and conventional 
risers can reduce yields below 50 per cent. A typical 
setup of gates for investment casting six tensile bars is 
shown in Fig. 2. 


Solidification of Titanium Alloys. The lone cheerful 
aspect of the situation is the favorable mode of solidifi- 
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Fig. 3.. Diagram of a simple titanium casting furnace. 


cation of titanium alloys. The combination of high 
melting point and low thermal conductivity leads to 
steep thermal gradients during solidification. Conse- 
quently, there is little tendency toward “mushy” or 
dendritic solidification; finely dispersed microporosity 
is absent from cast titanium. Porosity, if present in a 
casting, is coarse enough to be easily detected by radi- 
ography. Furthermore, since titanium forms a strong 
skin almost immediately upon contact with the mold as 
a consequence of steep gradients, cored blind risers may 
be used with good success. Risering requirements, 
shrinkage, and general solidification characteristics of 
titanium closely parallel those of steel rather than those 
of aluminum, copper, and magnesium base alloys. 


Titanium Furnace. Figure 3 is a schematic diagram 
of a simple titanium casting furnace. The outer shell 
is a vacuum-tight chamber which may or may not be 
externally cooled depending upon the design of the 
furnace. Molds and metal charge are inserted through 
the front and top access doors and the chamber evac- 
uated to the desired vacuum with conventional oil 
diffusion and mechanical pumps. An inert atmosphere, 
such as argon or helium, may be introduced before 
melting is begun. 

Melting is begun by lowering the tungsten-tipped 
electrode until it touches the titanium sponge and 
strikes the arc. The molten bath is contained in a shell 
or skull or solid titanium inside a graphite crucible. 
When a bath of sufficient size has been melted, power 
is shut off and the metal poured by tilting the skull and 











crucible through externally operated controls. The 
chamber is opened and the castings are removed when 
they have cooled sufficiently to prevent atmospheric 
contamination. 

A commercially-available furnace for melting up to 
50 lb of pure titanium or its alloys is shown in Fig. 4 
and 5. In this furnace the skull is set in a graphite cru- 
cible backed by ramming mix in a stainless steel shell. 
A water-cooled copper cover lined with molybdenum 
radiation shields prevents excessive radiation losses and 
increases the efficiency of power use. A molten bath 
about 12 in. in diam. and 2 to 3 in. deep can be main- 
tained. No molten titanium comes in contact with the 
graphite crucible and recent castings have contained 
less than 0.06 per cent carbon, about the same as the 
starting raw material, titanium sponge. 


Furnace Specifications 


Power is fed through three electrodes of negative 
polarity, each powered by a 900 amp DC welding gen- 
erator; the molten bath is the positive electrode. A 
panel board with indicating meters and furnace con- 
trols for positioning electrodes is attached to the fur- 
nace. Each electrode draws about 900 to 1000 amp at 
25 to 30 v. Approximately 1 kw-hr is consumed per 
pound of metal melted. 

The chamber enclosing the skull, crucible, and elec- 
trodes is a water-jacketed shell approximately 4 ft in 
diam. and 5 ft long. Power and cooling water are fed 
through vacuum-tight fittings on the shell. Tilting 
mechanism and electrode-positioning devices are op- 
erated externally; motion is transmitted through 
O-ring seals in the shell. A pressure of two microns or 
less can be maintained within this shell. Cold leak rate 
is less than one to two microns per min. After evacua- 
tion the chamber is back-filled with argon to a pressure 
of about 200 mm of mercury before melting is begun. 

Molds. Patterns for split-mold castings are made by 
conventional techniques using a shrinkage factor of 
about 1% in. per ft. Conventional wax or plastic pat- 
terns are used for investment castings. 


PRODUCTION OF TITANIUM CASTINGS 


Fig. 4 (left) . . Commercially-avail- 
able furnace for melting up to 50-Ib 
heats of titanium has a water jacked 
chamber enclosing the melting unit. 
After evacuation the chamber is 
filled with argon to a pressure of 
about 200 mm of mercury before 
melting is begun. 


Fig. 5 (below) . . Furnace with three 
electrodes, graphite crucible lined 
into stainless steel shell, and water- 
cooled copper cover lined with mo- 
lybdenum radiation shields is tilted to 
pour positioned mold by external 
operated tilting mechanism. 





A special refractory slurry is poured over split-mold 
patterns, allowed to harden, then fired to make a strong 
coherent pattern. Investment molds are prepared by 
dipping the wax patterns into a special precoating 
slurry. The precoat is allowed to solidify and is backed 
with standard investments in metal flasks. 


Molds are given special treatment during fabrication 
to permit them to withstand the action of molten tita- 
nium. Molds are assembled with the necessary gates, 
risers, and pour blocks and held together with appro- 
priate clamps or jigs. Investment molds are dewaxed 
and fired in standard fashion before use. 
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PRODUCTION STANDARDS AND THEIR PLACE 
IN THE FOUNDRY INDUSTRY 


By 


Stuart D. Martin* 


ABSTRACT 

In recognition of the problems of increasing labor 
costs, the development of new processes and new mate- 
rials, coupled with available capacity in many plants 
which intensifies the competitive situation, we feel that 
production standards offer a means of meeting the 
challenge to the Foundry Industry. 

An endeavor will be made to share Central Foundry 
Division’s experience in this area covering the applica- 
tion of production standards as it affects our plant 
operation with respect to accurate parts costs, cost 
estimating and measurement of efficiency and man- 
power utilization. 

More than three years of intensified effort has gone 
into this program in each of our three plants. Over 
1,000 parts ranging from small brackets to motor blocks 
are cast in several grades of gray iron. Also, little 
levers to large differential carriers and housings are 
made of malleable iron. 

The future of the Foundry Industry, as a whole, is 
in a formative stage today because of the numerous 
technological changes being made. Our progress and 
future will be affected not by the new things which are 
developed and utilized by others, but rather by what 
each one of us do to take advantage of the develop- 
ments in metallurgy, mechanization, and also in new 
processes such as shell molding — all of these, coupled 
with the advances of production standards. 


There is a need for production standards in every 
foundry. We firmly believe that yardsticks can and 
should be established on each and every operation 
whether it be considered as productive or nonproduc- 
tive, incentive or flat hourly rate. We are not selling 
or advocating any particular system or method of 
establishing labor standards, but rather, we are say- 
ing that every plant should have or develop a system 
of labor standards as simple as possible, consistent 
with the magnitude of the work with the specific 
operations determining the extent of the detail to be 
analyzed. 

We should like to discuss with you our interpre- 
tation cf production standards and their value to 
the Central Foundry Division of General Motors 
Corp. This presentation is offered not meaning that 
we have reached perfection nor inferring that we 
necessarily know more about the subject than any- 
one else but rather sharing our experience, develop- 
ment and progress. 


*Manager of Production Control and Standards, Central 
Foundry Division of General Motors Corp., Saginaw, Mich. 
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The subject is divided into three main groupings: 
(1) Production Standards. 
(2) Cost Estimating based on Production Standards. 
(3) Value of Standards in Foundry Operations. 


Production standards are values placed upon labor 
required to perform any given operation or series 
thereof. This value may be expressed in pieces or 
units of work per hour or in standard time hours 
per piece, depending upon the application. Standards 
are being effectively established on both productive 
and nonproductive operations regardless of whether 
or not incentive pay is involved. 

The standards in our plants are based on everyday 
practical methods which can be used day in and day 
out, re-established readily from time to time and 
which apply to the normal operators. We feel that 
production standards are effective only if they can 
be explained, understood and then attained by ef- 
fective and efficient operation by average persons. 

Secondly, standards so established provide that vital 
link between production and cost accounting to fa- 
cilitate true knowledge of what costs should be as 
well as what they actually are. Production standards 
alone can tell you only what a part should cost when 
made efficiently and consequently provides a perfect 
comparison for actual costs. After all, the true and 
complete cost picture includes both factors, standard 
and actual. 

In our plants, as well as our competitors’, labor 
costs have increased considerably in the past few 
years until today they are a major element of cost. 
Production standards provide an uncontestable back- 
ground for accurate pricing. This is very important 
due to the highly competitive market that the Found- 
ry Industry is experiencing at this time. 

We have proven to ourselves that cost estimates 
made up by judiciously comparing a proposed part 
with an existing similar part or similar operation 
will prove to be almost as accurately priced as if 
we had been able to study the part in actual pro- 
duction. 

The third point of discussion is the value of pro- 
duction standards in foundry operations. First and 
foremost, standards are used to measure the effi- 
ciency of any individual on any specific job. This 
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is the first step in a chain which then increases to 
groups of persons such as molders, then to depart- 
ments and finally the efficiency of the entire plant 
which can be weighed together. The importance of 
this operational efficiency cannot be over-emphasized 
and production standards facilitate rapid accumula- 
tion of that data. 


Labor Standards Necessary for Cost Estimating 

It was mentioned previously that labor standards 
provide an ever-increasing source of information to 
be used in cost estimating, but actually in this area 
the scope is greater because methods engineering 
and changes can be accurately and often exactly com- 
puted as to productivity, value, cost, etc. Methods 
engineering or preproduction planning can be defi- 
nitely established. The requirements of machines, 
tools, and even floor space are commonly determined 
by the use of effective production standards. 

In cost accounting, the costs for individual opera- 
tions for each part are readily segregated and accumu- 
lated. The theory of lumping together a group of 
operations and then trying to redistribute them to 
single parts on a pound basis in the proper relation 
one to another has been made obsolete. By virtue 
of the elimination of those lumped or grouped items, 
since all figures are more pertinent to any given 
part, fair and precise analysis can be made in the 
shortest possible time. 

Many companies have suggestions or betterment 
plans through which the ideas of employes are drawn 
out. The success of many of these plans hinge on 
how well and how rapidly those ideas can be evaluat- 
ed and moved on as well as the suggestion itself. 
The old slogan of “action speaks louder than words” 
is the keystone to more and better ideas, and pro- 
duction standards are most commonly used for proper 
analysis and evaluation of those ideas. 

For as long as people have worked, their efforts 
have been judged—the worker by his foreman, the 
foreman by his superintendent and on up the line 
to the president of a company who is judged by the 
owners who in many cases are great numbers of 
stockholders. If judgment is to be fairly made, there 
must be yardsticks or comparators. Performance 
against production standards is undeniable evidence 
and can be fairly used in employe rating. 


Standards Enhance Good Labor Relations 

It has been our experience that production stand- 
ards have helped to make good union-management 
relations. For many years we have had incentive 
standards on certain operations and now with stand- 
ards being established on all other direct operations, 
we have broadened the coverage of measured work. 
Methods engineering, too, has been put to greater 
use in establishing production standards. In settle- 
ment of grievances on standards, greater attention 
is focused on method than on time. 

Perhaps it is best to review our history up to the 
past few years to establish the “before” stage for the 
discussion of our present standard time hour pro- 
gram. 

First, we established production standards using 
motion time analysis only on incentive operations. 


PRODUCTION STANDARDS IN THE FOUNDRY INDUSTR‘ 


Included were coremakers, molders, grinders, pres 
and shear operators. All other persons were fille 
in at the discretion and judgment of the supervisors 
and standards were not established on their work 
Whether persons are classed as direct or indirect 
productive or nonproductive, means nothing withou 
control. It was an error to assign persons to job 
without a check or analysis and another error « 
group or lump that labor cost then charge it to th 
various parts on a pound basis. A summary or stud) 
of manpower primarily summarized the opinions o 
operating supervision. 

In developing a parts cost estimate, we necessarily 
followed the same theory as on production standards 
Estimates were made only on the incentive opera 
tions and the accounting department factored in alli 
the other labor costs on a pound or piece basis. 
Following a parts cost estimate through our system, 
the request for cost is turned over to the process 
engineering department along with the blueprints. 
The part is studied, layout designed, casting weight 
figured and the type and size of equipment for the 
job is selected. The standards department then esti 
mates the production standards for only those in- 
centive and specialized operations, such as magnetic 
particle inspection. Standards also figures and speci- 
fies the amount of equipment, such as patterns and 
coreboxes that would be required. The cost account- 
ing applied money value to the metal and to the 
incentive labor estimated and factored in all the 
other labor costs by pound factors, burden, etc. After 
computations were completed, review and approval 
was made by our production, factory, and plant man- 
agers before the development was returned to the 
sales department for quotation. 

In our previous system, approximately 20 per cent 
of our people were directly working on standards. 
This meant that we could truly evaluate the effi- 
ciency of only 20 per cent of our people and we 
necessarily considered the plant operating as that 
minority group functioned. It is a known fact that 
the limited measurement of our operating efficiency 
under that old system gave us many false conclusions. 
It can be readily understood what happens when 80 
per cent of your labor performance is not defined 
by individual part and the costs had to be applied 
by the piece or pound basis. True distribution of 
actual costs on any part was impossible and the fig- 
ures were insufficient for the proper analysis except 
that they would be relative one time to another. 
Admittedly, labor is the prime direct cost element on 
many jobs. Yet under the old system we had a con- 
trol on only 20 per cent of our labor and the top- 
heavy 80 per cent was assigned on the judgment of 
supervision. It is conceded now that our system was 
inadequate for proper manpower utilization, proper 
operation, efficiency, and accurate costs. 

For illustration, consider a typical job in one of 
our plants—a malleable iron differential carrier—un- 
der our former system. 

On the productive job routing (Fig. 1) you will 
observe that the only figures shown cover the core- 
making, molding, grinding, shearing and press-inspect 
operations. We had no more figures to show, for 
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those were the only incentive operations and, con- 
sequently, the only ones on which standards were 
established, based on study by motion time analysis. 
In order to compute the cost of producing that car- 
rier, most of the labor operations had to be covered 
by the piece or pound method of labor charges 
through the timekeeping and cost accounting pro- 
cedure. For years this method was felt to be both 
relatively -accurate and adequate. 

To avoid any confusion, let us stress one point— 
we have always been proud of our work with motion 
time analysis and still are. The extent of that work 
was considered adequate for many years; only in the 
past two to three years has the need for expansion 
and refinement of production standards been proven, 
so far as our operation is concerned. 

Progress was being made technically and physically 
all through the operations and at the same time our 
fellow foundrymen and competitors were doing the 
same. It was a natural for us to institute a standard 
time hour program because here was the key to labor 
costs, the connecting link with many mechanical in- 
novations and the basis for knowing our actual costs 
on any part and to make possible more accurate 
cost estimates. 

Our standard time hour program was launched in 


Fig. 1 











1952 with the aim and objective of establishing pro- 
duction standards for each operation on each and 
every part. 

Every operation was to be scrutinized and individ- 
ual studies were to be made for each casting wher- 
ever possible or practical, and standards so estab- 
lished. After careful study and analysis, it was con- 
ceded that the only correct way for us to evaluate 
the labor on certain operations, such as the melting 
group, would be to establish standards on each of 
the operations; such as cupola charge, cupola opera- 
tor, furnace operator, etc. and then summarize those 
standards into a constant factor to be applied to all 
castings on a pound basis. Another example of a 
constant factor is for core sand mixing and delivery, 
which is applied to the weight of cores required for 
any individual casting. The constants used in cost- 
ing and cost estimating represent only 1 per cent 
of our total labor. 

This new program was intended to expand our 
system of motion time analysis for setting standards 
to cover incentive and non-incentive operations, and 
in fact to cover all direct labor involved in producing 
a casting. 

Once again we will look at that same differential 
carrier which you will recall showed only five incen- 
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tive operations on the old style productive job rout- 
ing. (Fig. 2). On the coreroom group routing we 
show first the descriptive matter on the core—how 
it is made, the type of core box, weight and any 
other pertinent data on driers, chills, wire or rods, 
venting, etc. Our first operation is core sand drying 
and mixing which has a constant standard time in 
hours per pound of core. sand. 

Actual coremaking is next and here is shown the 
actual incentive standard worked up by motion time 
analysis. Following the coremaking, it is necessary 
to unload the core oven, then perform certain proc- 
essing and inspection. It should be noted that we 
show “balanced to coremaker” as the next item. The 
standard study revealed that the person performing 
the oven unloading and core processing operation 
was not fully occupied with work even though he 
was there full time. We recognize this situation of 
fractional persons needed by showing the productive 
standard for the work required and then show the 
idle or unoccupied time as balance. This procedure 
is very important to us for it highlights where any 
time is available for additional duties, grouping of 
assignments and job improvements. It recognizes the 


Fig. 2 


idle time as such and forestalls any misconceptions 
on the part of the operators which could lead to dis- 
agreement and grievances claiming overwork, speed- 
up, etc. Standard allowances are established for cut- 
ting new rods and wires, the straightening of used 
rods before re-use and the sorting and delivery of 
those rods to the coremaking station. These items 
are charged only to those castings requiring wires 
and/or rods. The labor for the chill preparation is 
performed by a foundry group and is charged with 
that department’s operations; however, the delivery 
labor comes from the coreroom and necessarily is 
charged to each job consuming chills. Following the 
specific cores for a part, we show any incidental 
cores such as skim or slag or runner types which are 
standard with us for many jobs and for which we 
have a value per core covering all its making and 
handling. On the standard time hour group routing 
we now cover six items of standard labor compared 
to only one item under our former system. 

Moving to the foundry department, the old style 
incentive routing showed simply the machine mold- 
ing operation which covered only the two molders 
who work on an incentive standard. (Fig. 3). 
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In contrast, we start with melting labor for which 
we have a constant standard per pound of casting— 
this was outlined previously as including all cupola 
and furnace charging, operating, repair and control 
and delivery of the metal to the pouring lines, with 
standards established on each classification, then sum- 
marized into a constant. Following the melting labor, 
the foundry miscellaneous labor group is covered 
with a constant. This group covers sample and ex- 
perimental casting work, chill room labor, etc. Mold- 
ing is considered next and has a fixed standard time 
in hours on each class of molding—this is the opera- 
tion under incentive pay. While most jobs are pro- 
duced in the same standard time hours, we com- 
pensate for the different mold sizes and effort re- 
quired, with money. To operate a conveyorized mold- 
ing line as in our plant there are many persons other 
than molders involved; for example, carryout men, 
clamp-up and unclamp, sand processing and distribu- 
tion and shakeout. To these people a mold is a mold 
regardless of what is in it and accordingly the logical 
basis for handling their labor cost is on a “per mold” 
basis based on 100 per cent standard. Iron pouring, 
core passing, and core setting are separately treated— 


each job is individually studied and standards are 
set to cover the direct work as one element and as 
a secondary element we show any balance time re- 
quired to handle “fractional” persons required, etc. 
The standard time hour group routing for the found- 
ry department shows six standard labor operations 
or groups as compared with only one under the 
former system. 

All of the iron—castings and sprue—move by con- 
veyor from the foundry to our hard iron and anneal- 
ing department. They move virtually from one end 
of the plant to the other where our kilns are located. 
Inasmuch as there are no incentive operations in 
this department, nothing was measured or appeared 
on the old-style productive routing, instead all the 
operations were lumped together and the costs re- 
distributed on a pound basis. At present, standards 
have been established so that each part assumes its 
own identity, (Fig. 4). First, the pan conveyor at- 
tendants and the bobbers are considered as a group 
and since they work on many parts simultaneously, 
their labor is computed into a standard factor which 
can be used on a pound basis for all castings which 
move through this system. Next, the castings are re- 
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moved from the conveyor into bins preparatory to 
chipping and tray packing. Studies are made on this 
sorting operation and standards are so established by 
part. The castings are chipped, inspected, and packed 
into the kiln trays. Individual studies are made on 
each casting through this operation so that each part 
has its own standard labor allowance. This opera- 
tion varies considerably from casting to casting and 
only by study can a fair value be established for 
any part. The surface kiln anneal operation consists 
of the balancing of tray weights, the loading and 
unloading of the kilns and includes the kiln operator 
and firemen. This group handles castings by trays 
and the contents of any tray is relatively unimpor- 
tant, therefore, the logical means of evaluating the 
labor is on a pound-tray basis. Resort and sort covers 
the miscellaneous labor elements, which are quite 
small, and apply them to every casting on a pound 
basis. Five operations now cover all the labor in this 
area. 

Prior to the standard time hour program, the pro- 
ductive job routing showed only the incentive stand- 
ards for grinding, shearing, and hydraulic press 
straightening. Today, to cover all the necessary ele- 


Fig. 4 


ments, instead of three figures, we carry nine and 
all but one of those are based on individual studies. 
(Fig. 5). Most of the castings pass through the kilns 
mixed to facilitate uniform packs by weight for con- 
trol purposes. These castings must be sorted and 
studies are made by part and standards established 
including necessary balance. Grinding standards are 
set up under the incentive system using motion time 
analysis, as it has been for years. In the case of this 
differential carrier, the standard time hour routing 
indicates a tumble mill operation to clean the cast- 
ings. Study is taken to properly ascertain the handling 
time on an actual basis for each casting and stand- 
ards so established. The cleaned castings move to the 
shear-shot blast operation, where the two bearing 
gates are sheared. This operation is covered by our 
incentive system; therefore, is shown the same on the 
old style and present routings. Methods engineering 
has combined with the shearing operation the suc- 
ceeding oil channel shot blasting in order to eliminate 
conveyor loading. Shot blasting was a non-incentive 
and unpaced operation before this tie-in was ac- 
complished—this is now a practical paced operation 
with a production standard which matches the in- 
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centive rate. The final operation on this part is hy- 
draulic press straightening and inspection. This op- 
eration requires two men—the operator feeds the 
press and the inspector removes and inspects the 
straightened castings—both are required to operate 
the electrical controls on the press itself. The press 
and inspect operation is studied under our motion 
time analysis incentive system and that standard is 
established accordingly. It is quite natural that there 
is some small amount of touch-up grinding or chip- 
ping required which must be classed as salvage work. 
These salvage operations are studied and are shown 
on the basis of the standard amount of work and 
per cent of castings salvaged. It is recognized that 
there is a certain small amount of sorting of mixed 
items, special handlings, expediting and re-operations 
such as recleaning—these are covered by a factor ap- 
plied to each pound of castings. 

Summarizing this differential carrier, we now car- 
ry standards on 25 operations as compared to only 
6 operations under the former system, and in stand- 
ard hours this reflects more than 5 times the cover- 
age and control. 

The key to the success of our system is that we 


Fig. 5 


have the cooperation and approval of supervision 
from the manufacturing departments on every stand- 
ard regardless of whether or not the particular opera- 
tion is on the incentive basis. The standards people 
study and establish all standards and then the op- 
erating supervision has the opportunity to review 
and question before approval. The group routings 
which summarize all the standards within a depart- 
ment for an individual part are distributed the same 
as standards with copies to the cost accounting and 
the operating departments as well as for the stand- 
ards department. 

The manufacturing departments have much to 
gain under the standard time hour program because 
each person has a productive standard to meet—in- 
centive or non-incentive. The tempo naturally at- 
tains a high level and the productivity per manhour 
increases. Better methods are foremost in the minds 
of our standards people and they strive to devise 
and develop better methods for each operation ana- 
lyzed. Important too, especially in mechanized set- 
ups, is the factual data supplied to the manufacturing 
departments so that they can determine how many 
people they need and where they should be placed 








324 


for an effective and efficient operation. It has been 
our experience that with productive standard “‘yard- 
sticks” on all operations our employe interest in his 
job is increased. People want to do their best and 
to cooperate. Seldom, if ever, do you encounter dif- 
ficulty when you try to improve an operation and 
establish fair standards accordingly. 

Accurate cost estimating is becoming more and 
more important with new materials, new processes, 
new products and the redesigning of present prod- 
ucts. Each job is evaluated on its own merits and 
production standards are used as a check for ac- 
curacy. 

Costs determined this way will be practical since 
we cannot deny actual experience. A step beyond 
that point—the actual costs to produce a part orig- 
inally estimated, taking the full benefit of production 
standards, have proven to be much closer to the 
estimates than before production standards were avail- 
able. Production standards, used as a comparator, 
provide consistency in the cost estimates and the 
human error element is reduced to a_ negligible 
factor. 

Up to this point everything has related to plant 
operation and costing. The sales organization should 
not be overlooked for without them there would not 
be anything to produce in our plants. Cost estimates 
prepared as previously outlined are practical and 
accurate within narrow limits. Not only are proper 
labor values placed upon labor operations but refer- 
ence to the group routings of a similar part indicate 
which operations are the ones to include by virtue 
of experience. Costs built up on production standards 
broken down to the individual operations required 
for each part reflect in more accurate, more relative, 
and more equitable selling prices because each cost 
is “tailor-made”. Each part is costed on its own merits 
and requirements in contrast to the old system under 
which 80 per cent of the labor was lumped and 
then improperly redistributed. Admittedly, for years 
we operated with that generalization of labor and 
now we wonder how and why we got along as well 
as we did. 

It has been our experience when considering all 
the parts in production that certain castings which 
were long considered as especially good from the 
production and profit angles now are in poorer po- 
sition as operations are properly recognized and 
charged. Certain other castings now reflect a con- 
siderably improved position with the minimized 
grouped cost areas. The proper charging of labor 
operations to each casting is vital, since the succeed- 
ing burden rate pyramids the labor cost and any 
errors are multiplied in like fashion. 


Eight Important Points Summarized 

There are eight important points which should be 
re-emphasized with respect to the standard time hour 
program in the Foundry Industry. 

1. Management received more accurate and more 
comprehensive reports on the plant performance, op- 
erating efficiency, manpower utilization and costs. 

The table below depicts the average per cent of 
manhours that are covered by standards under the 
incentive system and under the standard time hour 
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programs as compared to the total manhours both 
productive and non-productive for each of the manu- 
facturing areas: 


“NEW” 
Percentage of Percentage of 
Man-hours on Man-hours on 
Incentive S.T.H. 
Standards to Standards to 


“OLD” 





Department Total Hours, % Total Hours, %, 
Coreroom 41.4 82.6 
Foundry and Melting 18.6 93.5 
Hard Iron and Annealing 14.6 89.5 
Finishing 24.2 81.4 
Total Above Departments 21.4 88.2 


Each day's performance is summarized into a re- 
port for the plant management. The complete cover- 
age accomplished by this report gives to management 
a comprehensive picture of the previous day’s per- 
formance. This report is so complete in the analysis 
of operating efficiency in the manufacturing areas 
that it is submitted to our divisional control offices. 

2. Costs accumulated on any individual casting 
will reflect true performance for that part—good or 
bad performance will reflect directly and can be pin- 
pointed readily. 

3. The detailed analysis and breakdown of each 
part in production provides information to facilitate 
accurate cost estimating. Group routings on each 
casting have the entire production picture condensed, 
yet complete operation by operation breakdown is 
available for reference and comparison. 

4. Daily performance of each employe can be ob- 
served. This is of great value in the rating of per- 
sonnel on their own individual jobs, when considera- 
tion is being given for advancement or promotion. 

5. The knowledge of true costs and the superior 
job of cost estimating made possible by using pro- 
duction standards results in accurate, equitable and 
more relative selling prices. This is important in 
meeting the keen competitive situation existing in 
the Foundry Industry and in turn will result in more 
stabilized business. 

6. Employe relations are enhanced. Everyone has 
a production standard to meet; therefore, the con- 
troversy over quantity or tempo of work is nominal. 
Grievances on production standards are usually ques- 
tions of method rather than time. 

7. Quality and quality control are improved and 
can be maintained to higher standards because of 
the more consistent production standards. Each job 
is individually studied and standards established on a 
definite method and set up for good workmanship. 

8. Production standards can be effectively used in 
the preparation of budgets and burden studies. Un- 
der the General Motors method of operation, budgets 
are established to reflect the standard man-hours and 
burden rates can be accurately established for applica- 
tion to parts costing either actual or estimated. 

The outward appearance may indicate that the 
installation of a standard time hour program would 
be costly to establish and maintain. This is not 
necessarily true for time outranks cost in making a 
complete installation and the benefits to be derived 
greatly outweigh the expense. 








SEALING METAL COREBOXES 
AGAINST BLOW-BY 


By 


Richard L. Olson* 


@ Everyone who blows cores encounters blow-by at 
some time or other. And suffers along with it the at- 
tendant safety hazard, variable core permeability, ex- 
pensive repair of “ratted” cores, and high box main- 
tenance costs. 

Steel and brass facings have constituted a costly means 
of increasing box life. On contour-parted boxes, cost 
of machining for such facings is almost prohibitive, 
so boxes are often redesigned to convert contour part- 
ings to plane faces. Result is a heavier core box which 
costs more, and a loss in production in most cases where 
boxes are manually handled. 

Costly off-set partings have been tried in an attempt 
to prevent blow-by. 

Increased closing pressures have been tried and are 
being used, but they do not overcome the problem of 
sand adhering to the parting face. Increased closing 
pressures cause other damage such as peenage and 
elongation, and do not fully solve the problem of 
blow-by. 

The core itself suffers from blow-by. To maintain 
consistent permeability, venting of a core box and input 
of the blow tubes should be in definite relationship to 
allow the sand to be packed with a minimum of back 
pressure. Boxes that are vented amply give less blow-by. 
When the vents become clogged and pressure in the 
box becomes higher, there is more tendency to create 
blow-by. 

When blow-by occurs and erosion of the box has 
taken place, air escaping at the parting creates a ratting 
or spongy condition. This requires a costly mudding or 
patching operation, which in some cases exceeds the 
cost of making of the core. This also causes excessive 
fins, removal of which destroys the skin of the core, 
exposing its coarse inner structure and making a patch- 
ing operation necessary. 

As a possible solution to blow-by, the author tried 
various compression-type seals with but limited suc- 
cess. Then he conceived the idea of molding into the 
core box a continuous dike-type seal that would pro- 
trude above one parting face and fit perfectly into a 
groove in the mating face. 
~ *President, Dike-O-Seal, Inc., Chicago, Il. 
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First experiments were made with low melting alloys 
(180 F melting point). The continuous barrier against 
blow-by was made by machining a half round or V- 
groove in the mating surface of the core box that has 
the locating pins. The groove was continuous between 
the locating pins and the core cavity and generally 
parallel to the cavity. 

Opposite this groove in the other half of the core 
box an undercut groove slightly wider than the V- 
groove was machined and a hole was drilled into the 
groove from the back. This was a pouring hole for 
entry of the low melting alloy. (The undercut groove 
can be rough, but the V-groove should be fairly 
smooth.) Then a few vent holes were drilled through 
the undercut section. 

The core box was clamped together and warmed to 
prevent premature solidification when the low melting 
alloy was poured. After pouring the alloy, a perfect 
tongue or dike extended above the joint of the core box. 
fitting perfectly into its receptacle on the other side. 
The low melting alloys do not shrink, but expand 
slightly on solidification ensuring a tight fit into the 
lock-in side. 

This rigid dike-type seal has been installed in many 
core boxes where the erosion of blow-by had made it 
impossible to make a good core. Without any repairs 
to the parting faces, the seal has eliminated blow-by and 
produced good cores, and continued to do so for 
months. This showed that the dike-type seal was a solu- 
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Dike-type seal on long core box with loose piece (right). 


tion to maintaining consistent permeability of a core, 
and elimination of blow-by, thereby prolonging the 
life of the core box. 

On the assumption that the rigid material used in 
the seal was not doing all that could be expected, ex- 
periments with such material as plastic, synthetic rub- 
bers, and various elastomeric materials were started. 
The goal set was a dike-type seal that would be molded 
in its own container and bonded in place, and would 
be compressible, pliant, and impervious to the various 
core box cleaners used (live steam, alkali, fuel oils, etc.). 
This was accomplished by using new synthetic elasto- 
meric materials specially compounded to meet the 
above requirements, which when molded gave a pliant 
seal with a metal-to-metal contact without compression. 

The new material can be bonded to the metal with 
an adhesion beyond the strength of the material itself, 
making it impossible for stray sand to work its way into 
the lock-in channel. Specially compounded heat re- 
sistant materials are now available that can be installed 
in heated core boxes. 

Hundreds of core boxes using the continuous re- 
silient dike-type seal are in use today. Core boxes that 
could no longer make a useable core due to erosion by 
blow-by have been sealed with no repair of the erosion, 
and have produced thousands of good cores with con- 
sistent permeability and needing no mudding or patch- 
ing. Dump-type core boxes and blow plates are being 
equipped with the dike-type seal. 

New boxes on which the dike-type seal replaces 
brass or steel facing have run for months longer with- 
out any repairs to the parting faces. To date, no dike 
sealed core box is known to have gone back to the 
pattern shop for repairs to the parting faces. The pliant 
seal prevents air from escaping at the parting line and 
conveying sand with it and causing erosion. Former 
daily or weekly repairs have been eliminated. 

Continuous dike-type seals have been installed in 
three and four-part boxes with a complete elimination 
of blow-by. The same results have been achieved in 
duplicate and interchangeable core boxes. Internal 
blow-by in single and multiple cavity core boxes has 
been stopped by making the seal follow the outline of 
the core areas. 


SEALING METAL CoREBOXES AGAINST BLOw-By 


Use of loose pieces in a blow-type core box has been 
a problem due to sand wedging and wearing the loose 
piece or its receptacle. Proper engineering and design 
of seal eliminates this problem. 


Shim Box, Still No Blow-By 

As a test of the dike-type seal’s effectiveness, core 
boxes have been shimmed with a %e-in. shim at the 
parting. Cores were perfect but were %e-in. thicker; no 
blow-by was encountered. As a further check, rails and 
stops that kept the core boxes %2 in. short of closing 
were installed. To eliminate high closing pressures, Ye- 
in. rubber washers were placed over the blow tubes. 
Perfect (though over-size) cores were made without 
blow-by. 

Therefore, it is recommended (if a core box is sealed 
properly) that core blowing machines be equipped 
with rails or stops to prevent damage to the core boxes. 
Thus high closing pressures could still be used without 
harm. It should be noted that forging presses are 
equipped with stops to prevent damage to costly dies. 
Costly brass or steel facings would no longer be neces- 
sary, nor would the present rugged design of the core 
boxes be essential. 

Light weight blow-in driers are now practical as they 
would never leak at the joints, nor be damaged by high 
closing pressure. The driers could be cast with the V- 
groove or receptacle for the tongue or dike in them, and 
slight variations would not be objectionable as the 
pliant material is highly compressible. This has been 
brought out by deliberately filling the groove half full 
of sand, then closing the core box to get metal-to-metal 
contact of the parting faces with very little pressure. 

Advantages of blow-in driers were given by Robert 
W. Wendt in an instructive talk, “Use of Blow-in Core 
Driers,” at the 58th annual meeting of AFS. (TRANs- 
actions, AFS, vol. 62, p. 427 (1954). His conclusions 
were: 

“1. Blow-in driers for bulky or small, intricate cores 
are in use today and produce excellent results. 

“2. Blow-in driers make it possible to hold closer 
dimensional tolerances; thus wall sections and machin- 
ing stock can be reduced to a minimum. 

“3. Blow-in driers eliminate parting line separations, 
and in turn parting line patching. 

“4. Blow-in driers in many cases eliminate use of 
wire and nails for core reinforcing. 

“5. Blow-in driers eliminate handling operations and 
in many cases reduce core cost considerably. Cores made 
this way fit better in the mold cavity. 

“6. Precision cores make precision castings. This is 
what casting buyers want, but if possible, at no in- 
crease in cost. If you are a casting supplier and in need 
of improving core quality, it might pay to investigate 
blow-in drier applications.” 

Mr. Wendt’s paper was presented before he knew of 
or saw the dike-type seal in operation. 

Many companies are revising their present core blow- 
ing procedures, and are insisting that all new blow 
boxes be engineered and designed to provide for the 
continuous dike-type seal. Plans are being made also 
to use the dike-type seal on the magazines, blow plates, 
flasks, as well as cope and drag plates when they are 
used on a mold blowing machine. 








APPLICATION OF INSUFFICIENT CHILLS 


By 
E. C. Troy* 


ABSTRACT under the auspices of that Committee. The author 

Steel chills of varied thickness were applied to a was assigned the field of “Insufficient Chills”. It was 
staggered, semi-plate steel casting. Chills, with thick- further stipulated that this be a shop rather than a 
ness from 7.5 per cent of the casting thickness to 20 defn i : 
per cent of the casting thickness, were arranged to aboratory demonstration. 
control the solidification rates. It is demonstrated that P d 
such technique, applied under practical shop conditions, rocedure 
can induce freedom from shrinkage, in what would A casting which would normally exhibit shrinkage, 
otherwise be an unsound casting. if made with a single riser, was chosen for this 


demonstration. This casting, described as a staggered 


Introduction 
semi-plate, is shown in Fig. 1. Chill selection was 


Effectiveness of chills, to remove heat and induce 
soundness in cast steel, has been repeatedly demon- 
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strated in casting manufacture. However, reliable {SOLIDIFICATION TIME AT CENTER (NO CHILL) 
quantitative data have been available for only a few pe ited 

years. With the quantitative data now available, it i ad 

becomes possible to extend the practical usefulness LA 

of chills. 1 

Attention is directed to the extensive contributions ver 
made in the field of heat transfer, by the capable / SOLIDIFICATION TIME AT CENTER 
investigators of the Naval Research Laboratories, and “ CLS © ORES TES 
published in the TRANsaActTIoNs of the American Foun- Pe 
drymen’s Society, from the year 1950 to date. " 

Object 5 io} " 

The Heat-Transfer Committee of AFS requested - eS —= 
that members of its committee prepare practical Z 6 WIE = 
demonstrations of the usefulness of data published fri 
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Fig. 1—Sketch of staggered semi-plate test casting. 

Fig. 2—Etftect of chill thickness on time of complete solid- 
erreeeics ification at various surface and centerline positions of 4-in.x4- 
*Foundry Engineer, Riverton, N.J. in. bar. Direct contact chills of 4-in.x4-in. 
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ness, is found to border the lower limits of practical 


made after review of the paper “Studies of Chill 
usage. To accomplish a differential of solidification 


Action”, by Myskowski, Bishop and Pellini. Figure 2 





is taken from that work as published in AFS TRAns- 
acTIONS of 1954. Examination of Fig. 2, and the text 
from which it was taken, shows that a steel chill of 
thickness greater than 14T, or 50 per cent of the 
casting thickness, is found to be sufficient; while a 
chill of %T, or 3.1 per cent of the casting thick- 


time, chills between 71/4 per cent and 20 per cent of 
casting thickness were selected. These represented 
15 per cent to 40 per cent of sufficiency. 

The chills, and unmounted pattern, were turned 
over to the shop with instructions as to the order of 
chill arrangement. Two similar castings were to be 





Fig. 4—Photo of test casting without chills. 





Fig. 5—Photo of test casting with chills. 





Fig. 6—Exograph of unchilled casting. 








Fig. 7—Exograph of chilled casting. 








E. C. Troy 


made; one without chills. Both castings were to be 
made in green sand in a manner as similar as possi- 
ble, considering that sprues and risers were to be 
hand cut. Both castings were to be poured from the 
same heat. 

Results 

Figure 3 shows the arrangement and sizes of risers 
and chills used. The shop chose to place the riser at 
the extreme end to facilitate removal. The riser size 
is in excess of the calculated minimum riser, but 
represents the factor of safety normally taken when a 
single commercial casting is to be produced. 

After the castings were made, photographs were 
taken: Fig. 4, casting without chills; Fig. 5, casting 
with chills. The castings were then radiographed. 
While illustrations here are poor reproductions of 
the radiographs, they do indicate the difference found 
in the two castings. The vertical lines nearly central 
in the reproduced radiographs, shown here in Fig. 6 
and 7, mark the position of joining two films during 
reproduction. Figure 6 represents the unchilled cast- 
ing; Figure 7 the chilled casting. 

The unchilled casting, Fig. 6, had extensive shrink- 
age in all staggered sections, other than the section 
furthest from the riser. The section in contact with 
the riser had slight shrinkage, which would not have 
been acceptable for pressure castings. The estimated 
sensitivity of these radiographs was from 2 per cent 
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to 4 per cent. The chilled casting, Fig. 7, was free 
of shrinkage in all sections. The chilled casting, Fig. 
7, was free of- shrinkage in all sections. The chilled 
casting did have cope side gas holes, found on surface 
inspection. These defects were in contact with the 
sand interface, and not the chill interface. Since such 
gas holes are frequently found in similar castings, 
where chills are not involved, it is suggested that 
these defects be considered apart from the single 
influence of chills. 


Summary 

The use of insufficient chills to promote control 
of solidification, by gradient heat extraction, is 
demonstrated to be practical. It is obvious that a 
different arrangement of both risers and chills could 
have been used with satisfactory results. However, it 
was not the purpose of this report to explore all 
of the possibilities that quantitative data now makes 
practical; but, rather to demonstrate that a successful 
first casting can be derived from studied use of the 
information available. 
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METALLURGICAL CONTROLS FOR 
DUPLEXED MALLEABLE IRON 


By 


Lawrence E. Emery* 


@ Duplexed malleable iron requires close control of 
the melting process to insure uniformity. Full knowl- 
edge of the effects of raw materials on metal castability, 
annealability, and physical properties is vital to the 
production of a uniform high-quality product. Because 
the old time melter was aware of differences in pig 
iron, he made it a practice to use a mixture of various 
types of pig to produce a good heat. 

Most foundries use malleable pig iron in the duplex 
melt charge. Due to its graphitic carbon content result- 
ing in increased centers of graphitization, pig iron 
causes malleable iron to be sensitive to precipitation 
of primary graphite if silicon is not maintained at a 
low level. Low silicon levels, however, are prone to 
shrink and tear, and require longer annealing time. 

Graphitic carbon in the charge causes pearlitic mal- 
leable to have unusually shaped nodules of erratic size 
and wire distribution. It affects machinability and 
physical properties by contributing to primary graph- 
ite and more nodules, small and close together. 

Figure 2 shows the effect of graphitic carbon-bearing 
materials in the charge on the relationship of annealing 
time and the number of graphite nodules. Physical 
properties were below par consistently, even with nor- 
mal carbon values. Spectrographic analyses (Table 1) 
show the charge containing malleable pig to be con- 
siderably higher in copper, nickel, and titanium than 
a charge without malleable pig. Copper and nickel 
promote precipitation of primary graphite; copper, an 
especially powerful graphitizer, increases the number 
of graphitization centers, resulting in smaller, more 
numerous temper carbon nodules. 

Pig iron is affected by its ore as well as blast furnace 
practice. Many foundrymen and metallurgists refer to 
this as heredity. In view of this, microstructure and 
residual alloy content of pig iron should be checked 
constantly. Iron from a charge in which silvery iron 
has replaced the variable pig iron does not mottle as 
easily as iron from a higher graphitic-bearing charge; 
therefore, it has improved microstructure and increased 
uniformity. Increasing the silicon content of the base 
metal reduced annealing time. 


*Chief Metallurgist, Marion Malleable Iron Works Div., Chi- 
cago Railway Equipment Co., Marion, Ind. 
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Temper carbon shape, size, and distribution are 
more uniform in both malleable and pearlitic irons 
from a low graphitic-bearing carbon charge. Physical 
properties of both irons exceeded the specifications for 
yield, tensile, and elongation. 

Nodule shape, size, and distribution are affected by 
many factors. The type of nodule shown in Fig. 3 is 
undesirable because the large number of small temper 
carbon nodules, being close together, form planes of 
weakness through the ferrite. This type of structure, 
however, would have superior machinability due to 
the short distance between nodules which act as chip 
breakers. 

Equally important in producing good iron is control 
of the type and quantity of steel in the charge. For 
ideal cupola melting conditions, steel scrap in a well- 
balanced charge should be at least 14-in. in section. 
Light flashings are particularly difficult to melt as they 
are prone to oxidize excessively. 
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Fig. 1 . . Tension test specimens poured every hour, iden- 
tified by heat and time and annealed with the castings, 
are held for customer inspection. 55-65 
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Fig. 2 . . Effect of graphitic bearing charge materials o1, 
relationship of annealing time and nodule count. 


In the author’s plant, the steel portion of the charge 
consists entirely of low phosphorous metal; 12 per cent 
piate scrap; 44 per cent angle, bar, and rail; and 44 
per cent shells or forge crop-ends. The uniform qual- 
ity of these types of steel scrap is ideal for consistent 
cupola operation. 

If the steel content of the charge is held constant, 
there is a minimum of variation in annealability. If 
the steel content is increased, casting hardness is in- 
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Table 1 . . Spectrographic Analyses of Malleable Charges 
“" Charge 1 Charge 2 

Charge Components per cent per cent 
Malleable pig 10 none 
Malleable scrap 5 4 
Silvery pig none 6 
Sprue 47 51.5 
Steel scrap 100 100.0 

Charge Analyses 
Silicon 1.07 1.35 
Manganese 0.53 0.50 
Sulphur 0.171 0.130 
Carbon 2.51 2.45 
Copper 0.16 0.08 
Nickel 0.14 0.01 
Titanium 0.10 0.02 
Boron 0.002 0.0005 
Aluminum 0.010 0.006 
Phosphorus 0.120 0.050 





with increased physical properties. Iron from mixtures 
containing more than 40 per cent steel has an abnormal 
tendency to shrink and tear. It is possible, however, to 
increase fluidity and decrease tearing by increasing the 
silicon content of a high-steel melt. 

Whereas light steel scrap will cause excessive oxida- 
tion in cupola melting, excess air in the air furnace will 
oxidize the melt and adversely affect castability and 
annealability. A series of tests were conducted to de- 
termine the effects of increased oxidation on first stage 
graphitization. 

Figure 4, nodule count after annealing at 1700 F 
for various lengths of time, shows that decomposition 
of carbides was completed sooner in the iron which was 











melted under ideal conditions. Variations in nodule 
shape and size were marked, and the number of non- 
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creased and metal structure is changed. High steel mix- 
tures produce iron with less tendency to mottle and 





Fig. 3 . . Effects of melting variables 
* Po : ee on nodules; (above left) many small 
. nodules form planes of weakness 
through ferrite; (above) numerous 
go as re 1 nodules result from high-graphitic 
f+ . e eftoees charge; (above right) excessive cu- 
ite % 2 . 3 ,*. pola oxidation caused many inclu- 
& at, Bee . sions; (left) sprawly nodules and 
tes ae. ri small carbon particles are due to ex- 
cess air in air furnace; (right) cupola 
ee oxidation caused sprawly nodules, 
pearlite indicates incomplete anneal. 
Photomicrographs 100X, reduced ap- 
proximately one-fourth. 
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metallic inclusions were greater in the iron melted 
under more severe oxidizing conditions. 

The degree of oxidation was determined by the 
amount of FeO in the cupola slag and by the increased 
loss of silicon and carbon from cupola metal. Metal 
Huidity decreased when FeO content of slag increased 
and abnormal fractures of the as-cast specimen were 
noted. 

Microspecimens used in the oxidation test were ma- 
chined from bars | in. square by 7 in. long. Bars were 
heated in a furnace for three hours to 1700 F, then 
removed at increments of one hour and cooled rapidly 
with forced air. A microspecimen from each bar 
was polished for nodule examination. Nodules were 
counted and measured in the center and at both edges 
of a 6 in. diameter circular field. Due to migration of 
carbon nodules and non-metallic inclusions, a number 
of readings were taken to obtain statistical averages 


NODULES 


O NORMAL CUPOLA OPERATION 
A EXCESSIVE OXIDATION 


NUMBER OF GRAPHITE 


° ' 2 3 a 5 6 7 


TIME IN HOURS AT 1700 F 
Fig. 4... Comparison of excessive oxidation in cupola 
with normal operation on the relationship of nodule 
count and annealing time. 


shown in Fig. 4. Composition of the iron in this test 
was C, 2.35 per cent; Si, 1.22; Mn, 0.48; S, 0.150; and 
Cr, 0.020. 


Avoiding the formation of exceptionally large or 
coarse temper carbon nodules (Fig. 5) is of paramount 
importance in maintaining physical properties. Prop- 
erly superheating molten cast iron improves rate of 
graphitization and structure. 


A disappearing-filament-type pyrometer is used to 
check temperatures because it is dependable and oper- 
ators are able to read plus or minus 10 degrees. Metal 
temperature is checked every 30 min at the cupola 
spout, every 30 min at the air furnace spout, and once 
an hour at the pouring line. The pyrometer is used 
also to check air furnace flame temperatures to insure 
proper super-heating. The pyrometer together with a 
combustion testing instrument is used in balancing 
flame temperature between the front and rear of the 
furnace by altering combustion factors. 


Two optical pyrometers are used to determine temp- 
eratures; one instrument (kept in the laboratory) is 
used to check the service instrument. Every three 
months the service pyrometer is sent to the manufac- 
turer for inspection and repairs and the laboratory 
instrument becomes the service instrument. 
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The importance of good pyrometer practice in tem- 
perature control cannot be over emphasized as many 
casting defects can be traced to metal temperature fluc- 
tuations. Readings should always be taken in the dark 
portion of the stream. Due to the higher emissivity of 
iron oxide film and slag in the bright portion of the 
stream, temperature readings taken at this point will be 
higher. Accurate readings cannot be obtained through 
smoke or dust. It is good practice to take readings at 
the same location each time temperature is determined. 

The old-time foundrymen, who did not have pyrom- 
eters, were well aware of the effect of temperature; by 
trial and error they found that different types of work 
should be poured at different temperatures. The old 
adage, hot iron will cover up a multitude of sins, is 
more the exception than the rule today. The broad 
effect of superheat on graphitization, shrinkage, and 
tears makes good pyrometer practice imperative. 

Fluidity of cast iron is influenced by many factors; 
however, under specific conditions, fluidity trends can 
be established. At Marion Malleable two fluidity spirals 
poured once an hour show any serious change in metal 
composition or temperature. Correlating fluidity with 
misruns is relatively simple and results for a one-year 
period have been gratifying. 

A possibly antique, but practical, method of check- 
ing fluidity and metal characteristics is based on the 
spoon test. This procedure consists of dipping a sample 
of metal from the bath with a laboratory ladle 3 in. 
in diam and 214 in. deep, which has been thoroughly 
dried, then preheated by immersing in air furnace bath. 
When the ladle is removed from the furnace a stop 
watch is started and the operator observes the metal in 
the ladle through melter’s glasses. As soon as the metal 
begins to break, the watch is stopped. Elapsed time 
will vary with metal composition, temperature, oxida- 
tion loss, and melting and super-heating atmosphere. 
The standard tor a plant will depend on its particular 
operation. 

Figure 6 is a graph of results of the spoon test on a 
cold-melt operation. The graph shows that a spoon test 
time of 50 sec should indicate a carbon range of 2.35- 
2.45 per cent and a tapping temperature of about 2800 
F. This test is valuable for checking the progress of a 
cold-batch melt. Although this chart would hold true 
only for this particular cold-melt operation, a similar 
set of figures could be accumulated and plotted for 
any operation. 

For best results in Marion Malleable’s duplexing 
operation, it was found desirable to have a minimum 
of 75 sec on the spoon test. If temperature is within 
the normal range, it is possible to estimate carbon and 
silicon contents. 

The amount of air required for theoretically ideal 
combustion can be calculated; however, in practice it 
is difficult to reach theoretical accuracy in air furnace 
operation. Furnace efficiency and melting and super- 
heating conditions are determined by measuring the 
amounts of the products of combustion with a “heat 
prover.” On the basis of these tests, and depending 
on the stage of melting, the air-fuel ratio is adjusted 
to attain the proper furnace atmosphere. The heat 
prover periodically draws samples of furnace atmos- 
phere through a water-cooled sampling tube. The in- 
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Fig. 6 (right) . . Correlation of spoon test, metal temperature, and carbon content for cold melt operation. 


strument measures the amounts of various gases; indi- Composition of the specimen in Fig. 7 is 2.18 per cent 
cating immediately changes in combustion. carbon, 1.28 per cent silicon, 0.45 per cent manganese, 
Air-fuel ratio and proper mixing not only govern and 0.16 per cent sulphur. 
combustion efficiency and flame uniformity, but they Figure 8 is a photomicrograph of the as-cast structure 
also determine furnace atmosphere which affects phys- of metal in Fig. 7. Figure 9, the as-cast structure of an 
ical properties of the metal by influencing nodule iron from a furnace with ideal atmosphere, shows a 
shape, size, and distribution. During the superheating more uniform, much finer structure. 
and refining period combustion efficiency is usually The effect of atmospheres on shrinking and tearing 
at its peak with a minimum of CO present. ‘This period is not to be overlooked. Atmospheres rich in CO pro- 
with a small excess of oxygen and a trace of combus- mote tearing and micromottling. Figure 10 is a photo- 
tible is the most satisfactory, economically and metal- micrograph of micromottling in a %¢-in. section of a 
lurgically. casting that was poured at the end of the heat from a 
Daily variations in outside atmosphere necessitate furnace whose atmosphere was rich in CO. Carbon 
adjustments in the air-fuel ratio to maintain consistent reduction in this operation was only 0.10-0.15 per cent. 
furnace operation. Many duplexing foundries have in- Composition of this metal was: C, 2.25 per cent; Si, 
stalled moisture control equipment on cupola blast for 1.30; Mn, 0.45; and S, 0.130. 
greater control of melting conditions. Since the air fur- Occasionally it becomes necessary to make additions 
nace does not have moisture control, fuel requirements to the bath of metal in the air furnace. The furnace 
and air-fuel ratios become the critical factors. should be plugged before an addition is made, and held 
An atmosphere rich in CO (increased combustible for five minutes afterwards. After the addition has been 
content) produces metal which, when cast and an- made the bath should be puddled with a green sapling. 
nealed, has a marked reduction in physical properties Moisture escaping the green wood mechanically mixes 
due to sprawly, lattice-type temper carbon nodules the addition into the bath. 
(Fig. 7). Iron thus affected is more sensitive to mot- Large additions of silicon, manganese, or carbon 
tling, even when carbon content is in the lower ranges. have a tendency to inoculate the bath, promoting the 





Fig. 7 . . Atmosphere rich in CO pro- Fig. 8. . As-cast structure of metal Fig. 9 . . Uniform, finer as-cast struc- 
duced sprawly nodules; 2.18% C, in Fig. 7; all photomicrographs 100X, ture of iron from furnace with ideal 
1.28 Si, 0.45 Mn, and 0.16 S. reduced one-fourth. atmosphere. 
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Fig. 10 (right) . . Micromottling in a 
¥%-in. section of iron held in reduc- 
ing atmosphere. 


Fig. 11 (far right) . . Primary gra- 
phite is the result of inoculation of 
the furnace bath. 


formation of primary graphite. Figure 11 shows pri- 
mary graphite in malleable iron, the effect of an addi- 
tion of manganese; the sample was poured within two 
minutes after the addition was made. After puddling 
for five minutes, however, the fracture was free from 
primary graphite. 

Susceptibility to inoculation is more pronounced in 
higher silicon irons and there is a greater danger when 
the furnace atmosphere is rich in CO. After the cupola 
has been dropped the air furnace air-fuel ratio is ad- 
justed to increase the CO content of furnace atmos- 
phere; to reduce carbon loss from the melt. During the 
refining and superheating periods, the susceptibility of 
melt to inoculation is reduced due to oxidizing atmos- 
phere low in combustibles. 

Since sulphur content has an influence on nodule 
shape, control of sulphur is essential. Desulphurizing 
improves the metal by making it cleaner and producing 
a refined grain. Keeping sulphur below 0.150 per cent 
minimizes tearing. 

The boiling reaction of metal to the addition of soda 
ash removes occluded gases and non-metallic inclusions 
are carried out in the slag. A noticeable increase in 
metal fluidity is realized from the desulphurizing treat- 
ment due to removal of oxides and occludent gases. 
Also sulphide inclusions are reduced and refined, there- 
by increasing metal strength. 

Experience with high-sulphur irons correlates with 
the investigation “The Effect of Manganese Sulphur 
Ration on the Rate of Annealing Black-Heart Malle- 
able Iron” by J. E. Rehder, AFS TRANsactions, vol. 56, 
pp. 138-151 (1948). Mr. Rehder states that an increase 
in the manganese-sulphur ratio results in a more irreg- 
ular shaped temper carbon particle. 

At Marion Malleable the matrix of an iron with 0.33 
per cent sulphur and 0.60 per cent manganese con- 
tained five times as many temper carbon particles as 
iron with sulphur below 0.150 per cent. Annealed speci- 
mens of high sulphur iron appeared entirely ferritic 
at 100X. However, at higher magnification, pearlite 
within the ferrite grains became apparent. Nodules 
were very irregular in shape and physical properties 
were below Grade B specifications. 

The author has done some preliminary work with 
dry nitrogen and calcium carbide injection desulphur- 
ization of gray and malleable iron. Results have been 
promising. Metal fluidity was increased considerably, 
making it possible to pour at lower temperatures. Nod- 
ule make-up is compact and microstructure contains a 
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minimum of non-metallic inclusions. It is interesting 
to note that the physical properties of the annealed 
malleable composed of 2.56 per cent carbon, 1.28 per 
cent silicon, 0.52 per cent manganese, and 0.070 per 
cent sulphur, for 0.6265-in. diam specimen, were: 
38,560 psi yield, 59,400 psi tensile, and 19 per cent 
elongation. Irons with carbon content this high nor- 
mally have lower physical properties. The effect of 
injection-type treatment on sulphur contents of 0.04- 
0.10 per cent is being investigated. 

Basically, the air furnace has been accepted as a 
superheating unit; primary concern is with tempera- 
ture pickup. Through instrumentation and modern 
methods of testing, it has been found that metallurgical 
coal, used for superheating, influences metal charac- 
teristics and the final structure of the annealed product. 
The amount or air required to burn the fuel, combus- 
tion efficiency, and resultant furnace atmosphere are 
largely dependent upon coal composition. 

Due to variation in coals, coal properties should be 
considered in obtaining fuel for ideal combustion con- 
ditions. Moisture can be present in all melting coals 
as surface moisture or as hygroscopic moisture. A nut 
coal (54x 1% to 84 x 134-in.) has less surface moisture 
than 5%-in. slack with its large amount of surface area. 

For a period of three years, coal of prepared sizes has 
been used at Marion Malleable and many advantages 
have been realized. Nut coal feeds more uniformly 
through the pulverizer and furnace atmosphere has 
been more uniform. The absence of large quantities 
of moisture reduced air requirements and increased 
combustion efficiency. Moisture pickup by nut coal is 
negligible, making it possible to store sized coal in the 
open. Sized coal also creates less dust around the pul- 
verizer. 

Coal performance is influenced by the type and 
amount of volatile content. High-volatile coals release 
volatile matter rapidly during burning and require a 
large quantity of air to control furnace atmosphere. 
Since the air supply is limited, combustion is often in- 
complete and incompletely burned products of com- 
bustion come in contact with the metal. Low-volatile 
coals release gases at a much slower rate allowing com- 
plete chemical reaction with oxygen in the air. Coal 
of 20-22 per cent volatile content is considered a low- 
volatile coal. 


Coals with high fixed carbon content burn uniformly 
throughout the melting furnace. Although fixed carbon 
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Table 2 . . Typical Analyses of a Nut Metallurgical Coal 
As Received (%) Dry Basis (%) 

Analysis Proximate Ultimate Proximate Ultimate 
Moisture 0.53 0.53 er er 
Carbon 84.33 84.78 
Fixed Carbon 70.01 70.38 
Hydrogen 4.88 4.91 
Nitrogen 1.33 1.40 
Oxygen 4.61 4.63 
Volatile 25.74 25.88 
Ash 3.72 3.72 3.74 3.74 

100.00 100.00 
Sulphur 0.54 0.54 0.54 0.54 
Btu 14,909 14,988 
Grindability 98 


Typical Analysis of Ash from Metallurgical Coal 





per cent per cent 
SiO2 Silica 51.64 NazO Sodium Oxide 
Alg2Og Alumina 33.81 and 3.50 
FeoOz Iron Oxide 6.55 Ke2O Potassium Oxide 
CaO Calcium Oxide 3.60 Po2Os5 Phosphorus Pentoxide 0.30 
MgO Magnesia 0.41 SOz Sulphur Trioxide 0.19 
total 100.00 


Ash Fusion Temperature: 2720 F 





contains some of the hydrogen, sulphur, oxygen, and 
nitrogen in the coal, high combustibility of the carbon 
offsets heat loss due to other included elements. 

Coal ash content should be low and the fusion 
point should be high. Silica, bases, and alumina con- 
tent lower the fusion point of ash. Coals high in iron 
and sulphur should be avoided as their ash fuses read- 
ily to refractories. 
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Sources of melting fuel should be selected on basis 
of careful examination of proximate and ultimate an- 
alysis of their product. Carbon content of the fuel 
should be high to insure more complete combustion 
and a more desirable furnace atmosphere. Unburned 
fuel creates an atmosphere rich in CO, adversely affect- 
ing castability and annealability. Grindability of the 
fuel also affects combustion as harder coals do not pul- 
verize to the proper fineness, thus retarding combustion 
and reducing efficiency. Analysis of a satisfactory, 54 x 
114-in. nut, metallurgical coal is given in Table 2. Note 
that moisture (hygroscopic), as received, in the nut 
coal is low. It is not necessary to run an ultimate an- 
alysis on each car of coal; proximate analysis has served 
well to detect coal which does not meet specification. 

Fuels outside specification can be used if adjustments 
in furnace operation are made. High ash and volatiles 
increase operating expense by lowering furnace effi- 
ciency with increased fuel and air requirements. They 
also result in unfavorable furnace atmospheres. Small 
variations in fuel analyses may seem insignificant, but 
they must not be overlooked if uniform metal is desired. 

At Marion Malleable specifications for metallurg- 
ical coal are: moisture, 1.50 per cent, max.; ash, 4.50, 
max.; sulphur, 0.70, max.; volatile, 21.5-27.5; fixed 
carbon, 67-75; grindability, 90, min. The ultimate an- 
alysis will show a minimum of 78 per cent carbon; 
80-85 per cent is preferred. Minimum Btu requirements 
are 14,609 as received. All new sources are checked for 
pyritic sulphur before being used. 








DEVELOPMENT OF A BOTTOM POUR 
LADLE PRACTICE 


By 


A. W. Fastabend* 


@ Melting units at the Indiana Harbor Works of 
American Steel Foundries were two acid 8-ton, top- 
charge electric furnaces. A rammed ganister ladle lining 
gave excellent service—up to 60 heats per lining. Over 
a period of time the furnaces were converted to basic 
practice necessitating changes in ladle practice. 

Three different types of ladles were in service—8-ton 
capacity conical-shaped ladles and 8-ton and 10-ton ca- 
pacity cylindrical-shaped ladles. Although the ladles 
were of different design and size, the slide mechanism 
was interchangeable. The average life of ladle linings 
was less than 15 heats. Refractory failure was usually 
due to excessive erosion extending about two feet up 
from the bottom or between the brick joints. 

A survey had been made on the factors affecting 
lining erosion. Factors which were found not to affect 
lining erosion were manganese-silicon ratio of the met- 
al, length of ladle service, metal tap temperature, and 
length of time teeming molds. The only factor found to 
aftect ladle erosion was length of time that the slag 
blanket remained at a constant level. From this investi- 
gation the practice of dumping the slag from the ladle 
immediately after teeming was instituted. Previously 
the ladle was placed on a transfer car and the slag dis- 
posed of on the other side of the foundry. This imme- 
diate slag removal seemed to be helpful by preventing 
excessive refractory erosion near the bottom. 

The ladles were lined with 6-in. cupola block. One 
course of block was laid in with an air-setting high- 
temperature cement and the ladle was then dried under 
a gas fire. With three differently designed ladles, cupola 
blocks did not fit very well and a considerable amount 
of buttering of the joints had to be done. This created 
a point of quick erosion. On occasion the metal would 
erode between a joint and through the ladle shell into 
the furnace pit. At least one heat was lost this way. 

Practice was to lay a flat brick bottom into the ladle 
and then ram a proprietary graphite-base ladle-bottom 
~ *Asst. Supt. Melted Metals, Indiana Harbor Works, American 
Steel Foundries, East Chicago, Ind. 
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mix about three inches thick. There was no pitch to 
the bottom. The ramming material was rammed up 
the side of the ladle about six inches in an effort to re- 
duce the amount of erosion on the side walls above the 
bottom. This was then smoothed over with a pasty bot- 
tom mix. Since the ramming mix would not adhere to 
the side walls, it would then erode away in patches or 
the metal would get under and form a skull. Bottoms 
were usually replaced after about six heats. Some cast- 
ings were being scrapped for slag inclusions which were 
due in part to this bottom practice. On occasions, a 
carbon pickup was noted in some heats. This pickup in 
carbon was also due to the bottom ramming practice. 
When erosion occurred at the cupola block joints, 
the hole was filled with the ramming material and 
covered over with high-temperature cement; these 
patches did not hold very well. The only other patching 
ee. ee 





Permanent shell lining is in place and working lining has 
been started. Slurry of fire clay prevents linings from 
sticking together. Experiments are continuing to develop 


best possible lining and nozzle practice. 
55-121 











A. W. FASTABEND 


was to attempt to ram the bottom up the sides of the 
ladle when erosion reduced the lining thickness. 

No attempt was made to control the slag depth on 
the ladle. The ladles were so large that all of the slag 
in the furnace would be carried on the heat after it 
was in the ladle. 

The only mortar used was an expensive air-setting, 
high-temperature cement. This material was also laid 
on top of the ladle to prevent slag and metal from stick- 
ing to the ladle shell. 

As the established practice was unsatisfactory, ex- 
periments were outlined to develop a better ladle 
lining. 

First considerations were for safety and prevention 
of metal losses. This could be accomplished by a dou- 
ble lining. On the small 8-ton ladles, a 2-in. shell lining 
and a 414-in. side arch fire clay brick were used to re- 
place the single cupola block. With a double lining the 
metal may go through one course but with staggered 
joints, it would go no further. With a 2-in. shell lin- 
ing, a better idea of depth of erosion could be obtained. 
When the arch brick eroded to the shell lining, a patch 
could be put in or the working lining taken out and 
replaced. 

The shell lining was put in to be permanent. In re- 
lining, only the arch brick would be replaced. Two-inch 
splits were laid up with high-temperature air-setting 
cement. This shell lining was then covered with a slurry 
of fire clay. The fire clay would prevent the two courses 
from sticking together and allow easy removal of the 
arch lining when necessary. With the larger 10-ton 
ladles, a 2-in. shell lining was used with the cupola block 
being used for the working lining. This was done orig- 
inally in an effort to use up material on hand, but the 
cupola blocks fit the circle very well and gave good 
service. The 10-ton ladles were the straight wall cylin- 
drical type. 

In laying up the arch brick lining, the bricks were 
dipped into a wet mixture of fine chrome ore and fire 
clay. No cements were used for the working linings. 
A mortar of fine chrome ore and water was mixed for 
the bed joints between the rings and for setting in the 
cupola blocks. Fire clay was spread on top of the ladle 
to prevent metal and slag from sticking to the metal 
ring at the top. 

The brick bottom was sloped towards the nozzle 
opening -with a three-inch pitch. On top of the brick, 
about 21% in. of the regular proprietary bottom mix 
was hard rammed, taking care not to go up the side 
walls. 

When erosion developed on the brick lining near 
the bottom, a brick patch was put in around the ladle; 
214-in. brick and 2-in. splits were laid in with plastic 
chrome ore. The patches held up well. The practice of 
brick patches was instituted as standard procedure for 
repair. This eliminated the building up of bottom ma- 
terial along the side walls. 

On new ladles, the lip is adjusted so that about four 
inches of slag is carried on top of the heat for insulation. 
Due to design, no further adjustment can be made; so 
for at least half of the ladle life, some of the slag is 
drained off of the ladle into the pit. It is felt that in 
reducing the amount of slag, the severity of erosion 
will be reduced at least for part of the ladle life. The 
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addition of brick patches also increases lining volume 
so that additional slag may be drained from the ladle 
after patching. . 

Results of these changes in practices were quite grati- 
fying. The changes in bottom practice resulted in the 
elimination of skulls. The bottom material was rammed 
flat to the pitch of the brick, not up the side walls. No 
metal could get under the rammed material and form 
a skull. Once the rammed bottom material was well 
fused, carbon pickup in the metal was eliminated. 
There were no patches of bottom material to be pulled 
away from the side walls allowing the graphite to dis- 
solve in the metal. With this practice only half the 
ramming time was required to install a bottom and the 
life of the rammed bottom increased from six to 12 
heats. It is felt that with the sloped bottom, better 
drainage will result and slag inclusions in the castings 
reduced. 

Material cost of a 2-in. shell lining is about $46.60. 
Two hundred 2-in. splits are used along with one drum 
of high-temperature cement. This safety lining will re- 
main in the ladle when the working lining is removed. 
In a cost comparison of the different ladle linings, this 
safety shell will not be included as it is expected to last 
about a year. 

Indications are that ladle lining life should approach 
20 heats with 6-in. cupola block. With 4-in. side arch, 
lining life should be close to 15 heats on the smaller 
ladles. One 10-ton capacity ladle was taken out of serv- 
ice after 20 heats due to lining erosion. The working 
lining was easily removed and the rammed bottom 
taken out within one hour. This compares to four hours 
labor without the inner shell lining. The working lin- 
ing was replaced, bottom rammed and a heat tapped 
into the same ladle within 24 hours after the last heat 
was taken in this ladle. About three hours was all that 
was required to replace the working lining, two hours 
to ram a new bottom and 10 hours preheat. 

One small ladle was taken out of service after 14 
heats due to erosion of the 4-in. fire clay arch brick. 
This ladle was relined in about three hours and re- 
turned to service the following day. Fire clay and 
chrome ore have been substituted for the expensive 
high temperature cement. 

Table | is a cost comparison of materials only for the 
different methods of ladle lining. This cost is for the 
working lining only. With the old single 6-in. lining, 
material costs were $7.17 per heat. With the present 
double-wall lining, the cost per heat has been cut in 
half. Even after the first run, the safety shell lining has 
paid for itself. Four experimental linings are also listed; 
three of rammed material and one bloating brick lin- 
ing. The rammed linings were expensive and did not 
give sufficient service to justify the expense; the bloat- 
ing brick was cheaper per heat but did not give sufh- 
cient service to justify the labor involved in frequent 
relining. 

In addition to material savings, labor costs have also 
been reduced due to the change in practice. Since the 
institution of the new ladle practice, there have been no 
metal losses. The economy of safety by the use of a 
double lining is self evident. 

Perhaps the most unusual result of the double-walled 
ladle practice was the change in level and range of metal 











Bottom Pour LADLE PRACTICE 





338 
FIGURE | MOLTEN METAL TEMPERATURE 
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Temperature readings made 





during period of ladle changes 
show reduced heat losses in 
double walled ladles. 




















pouring temperatures. The basic heats are tapped di- 
rectly from the tilting furnace into the ladles. Tapping 
temperatures are measured with an immersion radia- 
tion pyrometer. Pouring temperatures were taken with 
Pt-Pt 10% Rd thermocouples. With the single-walled 
ladles, the tapping temperature range for Grade B steel 
was 3020-3050 F. This resulted in a pouring tempera- 
ture of 2780-2885 F a range of 105 F. The loss from the 
furnace to the pouring cup ranged from 100 to 200 F. 
With the introduction of the double-walled ladles, 
pouring temperatures increased 70 F. The loss from the 
furnace to the pouring cups was reduced to 70-120 F. 

The chart is a series of readings taken during the 
period of change in ladle practice. Tapping tempera- 
ture had been reduced 20 F to a range of 3000-3030 F. 
With the single-walled ladles, the average pouring 
temperature is 2840 F. With the double-walled ladles, 
the average temperature is 2905 F. The last five read- 
ings on the chart were taken from the last five heats in a 
ladle before the working lining was removed for repair. 
This was expected to give maximum temperature loss 
from furnace to pouring cup. In addition to this, pour- 
ing temperatures were taken at the beginning of pour 
and at the end of pour—over 100 openings; pouring 
temperatures varied only 15 F. 

At present, tap temperatures range has been reduced 
another 30 F—2970-3000 F. Pouring temperatures aver- 
age close to 2850 F. Better refractory life at the furnace 
is to be expected due to the lowering of temperatures. 
This would indicate that a good ladle practice is not 
only reflected in reduced costs of material and labor for 
ladles, but also is the control of other variables. 

Although a workable ladle practice had been estab- 
lished, it is believed better can be developed. Experi- 
mental work has been planned to evaluate many new 
practices. This includes: 

1. Nozzles of different designs and materials. 

2. Ladle design to give very low ferrostatic pressure. 

3. Nozzle insertion from outside the ladle. 

4. New ramming materials. 

5. The relation of refractory tests to performance. 


Methods and Cost of Ladle Linings 





Ave. Mat’l. 
Lining No. Cost 
Thick- of Per 
Material Quantity Cost ness Heats Heat 





Old 6” Cupola Block 250 Ib $ 68.75 
Method — Fire Clay Arch 54 6.48 
High-Temp. Cement 200 Ib 25.20 
$100.43 6” 144 «$7.17 


Present 6” Cupola Block 200 $ 55.00 
Method Fire Clay Arch 54 6.48 
10-Ton Chrome Ore 200 Ib 4.60 
Ladies _‘ Fire Clay 100 Ib 1.22 
$ 67.30 6” 20 3=$ 3.36 

Present Super-Duty Fire 270 $ 59.40 
Method Clay 

8-Ton Chrome Ore 100 Ib 2.30 
Ladles _‘ Fire Clay 100 Ib 1.22 


$62.92 4%" 14 $ 4.50 
Expmtl. Bloating Arch Brick 385 4 
2. 


8-Ton Chrome Ore 100 Ib 
Ladies _‘ Fire Clay 100 Ib 1.22 
$ 35.09 4” 9 $3.90 
Expmtl. 80% Alumina 4200 Ib $428.40 
Ramming Mix 
Fire Clay Arch 54 6.48 
$434.88 4° 19 $22.88 
Expmtl. —Sillimanite 3400 Ib $320.00 
Ramming Mix 
Fire Clay Arch 54 6.48 


$326.48 4” 8 $40.81 


Expmtl. Basic Magnesite 4800 Ib $192.00 
Fire Clay 850 Ib 10.37 
Fire Clay Arch 54 6.48 

$208.85 6” 10 $20.88 





The use of a flat graphite mold and a graphite pour- 
ing cup gives a good picture of the extent and occur- 
rence of refractory inclusions due to erosion of the ladle 
and nozzle. A few of these castings, will readily indicate 
the quality of ladle practice. From these castings, in- 
clusions can be identified, analyzed, and classified as to 
origin. It is hoped that through this program, metal 
can be delivered to the pouring cup as chemically ana- 
lyzed and free from foreign material and refractories. 








A. W. FASTABEND 


339 


DISCUSSION 


Chairman: R. C. Hopson, National Malleable & Steel Casting 
Co., Cicero, Ill. 

Co-Chairman: H. CHappiz, National Supply Co., Torrance, 
Calif. 

Wiutet Tissits (Written Discussion)!: The end result of good 
ladle practice is dollars saved, whether in the foundry, the melt- 
ing department or both. Mr. Fastabend must be complimented 
on the way he has attacked this problem. 

In his survey of factors affecting lining erosion, he came to the 
conclusion that there was only one positive factor, namely length 
of time slag blanket remained at a constant level. This is a very 
important factor but we believe that slag volume and pouring 
rate are equally important. Sometime ago when we were carrying 
large volumes of slag on our open hearth ladles, we could, by an 
inspection of the lining erosion, tell when a group of small cast- 
ings had been poured. The large slag volume moving slowly 
down, at this point, had visibly eroded more of the brick in that 
particular area. 

The double lining is standard practice in most open hearth 
shops, the tank lining varying in thickness from a 114-in. split 
brick to a 414-in. rollock. In smaller diameter ladles, like you 
have, we find it to our advantage to use an “A” bevel brick. 
This eliminates the V joint normally formed, thus again reduc- 
ing lost-metal hazard. 

The author mentioned that once the rammed material was 
well fused, carbon pick-up in the metal was eliminated. We have 
been interested in graphite impregnated ramming materials but 
could never get any information except generalities on carbon 
pick-up in the metal. Would Mr. Fastabend care to clarify this 
point? 

Many electric furnace shops prefer the use of super-duty clay 
brick in their ladles, and report excellent and economical service. 
We operate both open hearth and electric furnaces and our expe- 
rience has been that “bloating” brick linings were the most eco- 
nomical. If need be, these bricks can be purchased 6-in. thick 
and might be tried as a replacement for cupola block. This 
procedure would probably lower the labor costs. 

We have tried a magnesite-chrome brick (50% MgO—6% 
Crg Og) in our open hearth with mixed results. One ladle using 


10pven Hearth Supt., Canadian Car & Foundry Co., Ltd., Montreal, 
Canada. 


a 214-in. working lining ran 33 heats, while on the next we ran 
only 6 heats. The early failure was due to metal penetration be- 
tween the joints with an attendant skull forming behind the 
basic brick. We feel that a bevel brick might help solve this 
problem. 


However, basic bricks are expensive, and in our area we must 
triple our lining life just to break even on cost with regular 
ladle brick. An important factor that must be kept in mind is 
the greater thermal conductivity of basic brick as against clay. A 
heavy basic lining could have a serious chilling effect on the 
metal. Basic bricks have a high thermal expansion and must be 
well preheated to minimize spalling. They also have a thermal 
shrinkage which means that on cooling down, the joints tend to 
open and steel will penetrate. This can be partially compensated 
for by spraying or washing a chrome-cement into the joints be- 
tween heats. Once you have made between four to six heats this 
phenomenon is no longer apparent and the spraying can be 
discontinued. 


Mr. FASTABEND (Reply to Mr. Tibbits): As to carbon pick up 
from graphite base rammed bottoms, my choice of words was not 
very good. Some carbon is added to the metal. Over a period of 
three months, a large number of heats were sampled at the 
middle of pour and again when less than 500 Ib of metal re- 
mained in the ladle. Results of this investigation showed that 
with a brick bottom, 86 per cent of the check carbons at the end 
of pour were within +0.01 per cent carbon of the middle anal- 
ysis. With the graphite base ramming material, 87 per cent of 
the check carbons at the end of pour were within —0 +0.02 
per cent carbon of the middle analysis. If you can tolerate that 
small variation, then the material is usable. However, one word 
of caution. The rammed bottoms must be well taken care of and 
removed before they become too thin. If part of a rammed bot- 
tom breaks away while a heat is being poured, a great deal of 
carbon will be added to the steel. 


Graphite Base Bottom, % _ Brick Bottom, ‘ 


« 


— 0 7 
—.01 9 13 

0 35 33 
+.01 35 40 
+.02 17 7 


+.03 4 0 








LADLE PRACTICE 


By 


Arthur P. Guidi* 


This paper discusses without regard to theory the 
ladle practice at the author’s foundry. Preparation of 
the ladles, their use, and their expected life are dis- 
cussed. Personnel at the author’s foundry feel that 
their quality troubles due to furnace or ladle refrac- 
tory inclusions in the castings are negligible. We are 
not satisfied with our ladle practice, but we do feel 
that the practice is good. Experimentation continues 
daily, ever seeking better methods of operation. 


Brief Description of Author's Foundry 


Perhaps a brief description of the author’s foundry 
and its equipment would be a good starting point. 
The furnace equipment consists of one 3-ton, direct- 
arc, top-charge, acid-lined electric furnace and one 
l4-ton direct-arc, door-charged, acid-lined electric fur- 
nace. In use with the larger furnace there are two 
teapot ladles of 314-ton capacity and six bottom-pour 
ladles of 5-ton capacity. 

The small furnace is serviced by three bottom-pour 
ladles of 1-ton capacity. Six monorail hand-shank la- 
dles of 275-Ib capacity are used in conjunction with 


*Metallurgist, Texas Electric Steel Casting Co., Houston, Texas. 


the teapot ladles. See Fig. 1. At the present time the 
melting department is operating 16 to 20 hr a day, 
producing 10 to 12 heats. The types of metals poured 
vary in analysis from an SAE 1015 plain carbon steel 
to a 25-12 stainless steel; about 45 different analyses. 
The bulk of the tonnage is produced from low-alloy 
manganese steel and carbon steel. Depending upon 
the type of work, the average weight of floor-molded 
casting is about 800 lb. The average weight of ma- 
chine-molded casting is about 30 Ib. 

The melting supervisor, in conjunction with the 
metallurgical department, controls the purchase of 
the melting department refractories. It is their re- 
sponsibility to inspect, supervise usage, supervise stor- 
age and maintain a current inventory of all refrac- 
tories. A good inspection of incoming materials will 
more than pay for the effort involved. The general 
practice is to purchase ladle refractories locally in less 
than carload lots. The refractories are shipped on 
pallets for ease in handling and storage. Palletizing 
also reduces handling breakage. All refractory bricks 
are stored in a warehouse and transported to the fur- 
nace department on pallets as needed. 





Fig. 1 — Pouring molten steel from teapot ladle into 275-Ib 


capacity hand-shank ladle. 
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Fig. 2 — Laying sidewall brick in relining a 5-ton bottom-pour 
ladle. 
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THERMOLAB REPORT 
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Fig. 3—— Sample of a thermo-laboratory report. 





Fig. 5—Flame drying newly-lined ladle. 


Fig. 4— Flame drying newly-lined ladles. 
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Fig. 6 — Inside of ladle after 100 heats were poured. 


Five-ton Bottom-pour Ladles 

Shells for 5-ton ladles are 48 in. in diameter and 52 
in. deep. When building a new ladle the bottom is 
bricked with 9-in. stiff mud fireclay brick imbedded 
in a high temperature cement. The sidewalls are then 
bricked with 9-in. stiff mud fireclay bricks using a 
ratio of two no. | arch to two no. 2 arch to one 
no. 1 wedge bricks. The sidewall bricks are also dipped 
in high temperature cement. See Fig. 2. The bottom 
is then rammed with a ganister mixture to a rammed 
thickness of 2 in. The standard ganister mixture con- 
sists of the following: 

Ganister sand %4,-in. mesh and smaller, lb—450 


Fireclay, Ib —100 
Furnace bottom sand, Ib —100 
Water, qt —0-20, 


depending on moisture content of sand as received 


Slight variations of this mixture have many applica- 
tions in the melting department. The ganister sand 
is mixed and tempered by feel only. Pertinent physical 
data are presented in Fig. 3, a thermo-laboratory 
report. 

Upon completing the ramming of the bottom the 
nozzle is set and the well is rammed. The ladle is now 
ready for flame drying. 

All ladle repair men work on standards and are 
paid incentive wages. The standard time allowed for 
the described operation is 5.95 hr which includes 
knocking out the old ladle and complete bricking of 
the new ladle. 

The ladle is then heated at approximately 600 to 
800 F for 6 to 10 hr, depending on the production 
schedule. The ladle is then subjected to a high tem- 
perature of approximately 1600 F for 2 to 3 hr. Ladle 
temperatures are controlled by visual means and man- 
ual adjustment of burners. See Figs. 4 and 5. When 
the ladle is placed in service the sidewalls need no 
patching for about 30 heats. New nozzles and some 
bottom patches are installed after each heat. In patch- 
ing the sidewalls, the ladleman chips out all slag down 
to solid brick. The chipped area is then washed with 
a fireclay slurry and pneumatically rammed with a 
thin layer of ganister mix (approximately 1 in.). 


LADLE PRACTICE 


Fig. 7 — Ladle being air blast cooled prior to relining. 


It has been recognized that pneumatic, as opposed 
to hand ramming, will about double the expected life 
of a wall. The sidewalls are patched as decided and 100 
heats can be poured before rebricking is necessary. 
See Fig. 6. The ganister mix on the bottom of the 
ladle will last for 15 to 25 heats; it is then removed 
down to the brick and replaced. The bottom brick 
will last for years. Upon finishing a heat the slag is 
dumped from the ladle and the ladle is then put 
under an air blast cooler. See Fig. 7. As soon as the 
ladle is cool enough for a man to work in it, the 
ladle is repaired. The repaired ladle with the new 
nozzle is then flame dried at approximately 600-800 F 
for 1 hr. The flame is then turned up high to ap- 
proximately 1600 F for 30 min to 114 hr depending 
on the amount of patching that was performed. The 
next heat is then tapped into the ladle. 


One-ton Bottom-pour Ladle 

In general the 1- and 5-ton bottom-pour ladles are 
made exactly alike. The 1-ton ladle shell is 34 in. in 
diameter and 36 in. deep and requires no. 2 and no. 3 
arches in conjunction with no. 1 wedges. The stand- 
ard time allowed for a complete lining of the 1-ton 
ladle compares favorably with the larger ladle but 
accurate records are not available. The ratio of large 
furnace heats to small furnace heats is about 10 to 1. 
This means the small ladle will require a new lining 
about once a year. 


31/,-ton Teapot Ladle 

The teapot shell is 45 in. in diameter and 45 in. 
deep. The bottom of this ladle is bricked with 9-in. 
standard stiff mud fireclay bricks imbedded in high 
temperature cement. The sidewalls are then rammed 
with the standard ganister mix. A 4-in. pipe is used 
as the form for the bottom hole between the ladle 
and the spout. This same size pipe is also used as 
the spout form. Sidewalls are pneumatically rammed 
around a steel form to a thickness of 4 to 5 in. The 
spout is rammed at the same time and has a finished 
wall thickness of 414 in. A 2-in. lining of ganister mix 
is rammed over the brick bottom to complete the 
ladle. See Fig. 8. The ladle is now flame dried at 
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Fig. 8 — Pneumatic ramming in relining a ladle. 


approximately 600 F for 12 to 15 hr, then at ap- 
proximately 1600 F for 2 to 3 hr. 

Ten and twelve heats may be poured before ex- 
tensive patching is required. Relining the bottom of 
the ladle every 15 to 20 heats assures us of slag-free 
operations. The spout is relined every 20 to 30 heats 
regardless of its condition. This is done as a precau- 
tionary measure against losing a heat. A year or so 
ago we lost a heat because the metal ran out the 
side of the ladle at the spout causing extensive dam- 
age to the mechanical turning mechanism. This de- 
fective spout had been used on 40 heats before it 
went bad. Inspection of the bottom of the spout is 
difficult and defective areas may be easily overlooked. 
A completely new lining is installed every 50 to 60 
heats. The standard time for complete relining is 
31% hr. 

275-lb Monorail Ladles 

At the moment, experiments are being conducted in 
an effort to change the monorail practice. Teapot 
heats vary from one heat a day to as high as four 
heats a day and for this reason our present practice 
is to line these ladles with a quick and easy one- 
time lining. The bottom and sidewalls are pneumati- 


Fig. 10 — Flame drying hand-shank ladles after relining. 


Fg. 9 — Relining 275-lb capacity hand-shank ladles. 


cally rammed with used molding sand to which has 
been added some fireclay, gluten, and water to tem- 
per. After a 2-in. bottom is rammed, a steel form is 
placed in the ladle and the 2-in. sidewalls are rammed. 
See Fig. 9. Slag skimmer bricks are cut from a standard 
9-in. dry press fireclay brick to 14x3x7-in. size. A notch 
is cut on either side of the spout and these bricks are 
nailed and then rammed in place. Ladles are then 
heated to approximately 600 F for 1 hr, followed by 
heating at approximately 1600 F for | hr. See Fig. 10. 
The standard time for knocking out the old lining 
and relining these ladles is 34 hr for the first ladle 
and 1% hr for each additional ladle. Bad slag condi- 
tions occur if these ladles are used on more than one 
heat. 


Stoppers 

In the larger ladle the stopper assembly consists of 
a graphite head, one bottom sleeve and five straight 
sleeves. Assembly of the stopper consists of attaching 
the black head to the rod by means of a pin through 
the black head. This pin is held in place by a wedge. 
The bottom hole in the black, the pin, the rod and 
the wedge is well covered with a high temperature 
cement. The bottom sleeve and straight sleeves are 





Fig. 11 — Assembled bottom-pour ladle stoppers being placed 
in indirect-fired oven for drying. 
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Fig. 12 — Ladle stopper in bottom-pour ladle being checked 
for leaks. 


then installed with plenty of high-temperature cement 
at each joint. Loose dry sand is used to fill the 
void between the sleeve and the stopper rod on the 
bottom sleeve and the first two straight sleeves. 


It was once the practice to fill all five sleeves with 
loose sand, but it was found that too much sand would 
cause enough resistance to gas flow that on occasions 
the sleeves would crack vertically. This cracking of 
sleeves stopped when we changed the practice. As- 
sembled stoppers are dated with chalk and heated in 
an indirect-fired oven at a slow heat of 450 F for 72 
hr. See Fig. 11. Before the stopper assembly is placed 
in the ladle, the nozzle is ground-in by hand with a 
contoured vitreous grinding stone. After the stopper 
is placed in the ladle the nozzle is checked by dropping 
dry sand around the stopper to check for leaks. See 
Fig. 12. The standard time for making a stopper is 
24 min. 


DISCUSSION 


Chairman: R. C. Hopson, National Malleable & Steel Castings 
Co, Cicero, Ill 

Co-Chairman: H Cxappir, National Supply Co, Torrance. 
Calif. 


C. B. WituiaMs:! Is there any difference in welding cost when 
pouring with a bottom-pour ladle or a teapot ladle? If so, I 
wonder if Mr. Guidi has these figures? 

Mr. Guipt: We do not have the cost figures comparing bottom- 
pour pouring to teapot pouring. I believe this would be a diffi- 
cult question to answer even if we had the cost figures. At our 
plant the physical setup determines whether we pour bottom- 
pour or teapot. If a job can be made either way we generally 
prefer to bottom-pour. 

Mr. WILLIAMS: In using a fine mixture of ganister and ram- 
ming with a pneumatic rammer which evidently produces a very 
dense lining, do you have any trouble with spalling? I notice 
in Mr. Guidi’s foundry he uses a rammed mixture on top of 
bottom brick. It is claimed by some users of bottom-pour 
ladles that by using a rammed bottom of this type that some 
of the bottom material sloughs off, becomes entrapped, and is 
finally dispersed through the metal causing non-metallic in- 
clusions. 


1. Works Manager, The Massillon Steel Casting Co., Massillon, Ohio. 
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Mr. Guipi: Spalling is not a problem and is, no doubt, con 
trolled by the wide distribution of particle sizes in our Yg¢-in 
and down ganister sand plus the high per cent of fire clay used 

Mr. WittiamMs: I wonder if the author has had any difficultie 
with non-metallic inclusions that could be contributed to thi 
practice? The Texas Electric Steel Casting Co. seems to hav 
one of the best setups for ladle heating and drying that I hav: 
had the pleasure of seeing. With their heating and dryin; 
equipment they should never be bothered with improper! 
dried or heated ladles. 

Mr. Guipi: To date we have not been troubled with non 
metallic inclusions. 

Mr. WittiaMs: I also noticed that on drying the ladles, the; 
are heated to 600 F for 12 to 15 hr. Does this heat come uy 
very slowly or is it put on with the burner turned up to the 
normal operating capacity? 

Mr. Guin: All ladles are gradually heated up to temperature 

Mr. Witurams: When the spout only is to be relined, do you 
encounter any trouble in making a joint between the old and 
new lining? 

Mr. Guipt: We do not encounter trouble in making a join: 
between the old ladle lining and the new spout lining. 

Mr. WILLIAMS: When pouring dry sand around the stoppe: 
after it has been set to test for leaks is the stopper raised to 
allow the dry sand to run out and then closed again before the 
heat is tapped? 

Mr. Guipi: The practice is not to raise the stopper after it 
has made a positive seat. As you might suspect, this does leave 
some fine loose sand around the stopper and nozzle. Most of the 
time this sand will float out but on occasion we do encounte: 
a little sand on the opening of the nozzle on the first pow 
This is not a good practice and we should eliminate it. 


C. H. Wyman:? Mr. Guidi illustrates that he obtained an 
average of 30 heats on the brick bottom-pour ladles. Following 
this service, a rammed ganister lining was placed upon the 
brick lining, increasing the life of the ladle to 100 heats. I 
would be interesting to know whether he obtained a cleane 
metal, free of slag, from the brick lining or the rammed lining 
In order to prove this point I would suggest drilling approxi 
mately a 6-in. hole out of a graphite electrode and cast speci 
mens from both types of linings. Then in turn take skin 
machinability tests from specimens to determine the degree of 
cleanliness. 

Based upon the ladle life of the acid and the basic processes. 
the acid lining gave approximately five times the life, and in 
turn the same percentage ratio applied to the degree of erosion. 
It is difficult to determine what percentage of the eroded lining 
follows the stream of metal and eventually locates in the cope 
of the castings. Consistent ladle refractory linings for basic 
steel is a problem for all producers. 

Quoting from a paper presented by the chief ceramist pro- 
ducing bearing steel ingots — “through investigation the erosion 
loss on the ladle linings amounted to 7 Ib per ton. On this 
particular type of steel, cleanliness or degree of non-metallic 
inclusions is the deciding factor between acceptance and re 
jections.” 

Mr. Guin: If there is a difference in the cleanliness of ow 
steel when pouring from a brick lining vs pouring from a 
rammed lining, we have not recognized the fact. 

Mr. WyMan: Mr. Guidi’s practices on the teapot ladle using 
a 4-in. bottom ingate hole and the same dimension maintained 
in the spout necessitates pigging a great deal of metal when the 
slag level is reached nearing the completion of the pour. Is 
the teapot used for a pouring ladle, or a holding ladle? 

Mr. Guipi: The teapot is used only for a holding ladle. The 
first metal out of the teapot goes into a small (2000-lb) bottom 
pour ladle. Then we start tapping into the 300-lb handshank 
ladles. The majority of the time the slag will crust over in the 
teapot ladle and we obtain a very complete metal removal from 
the teapot ladle 


2. Chief Metallurgist. Burnside Steel Foundry Co., Chicago. 





= ep oe ome 


— - 


= 


in 


mn 


nt 





IMPROVEMENT OF PRESSURE TIGHTNESS 
AND TENSILE PROPERTIES OF GUN METAL 
BRONZE BY VACUUM DEGASSING 


By 


W. H. Johnson, H. F. Bishop, and W. S. Pellini* 


ABSTRACT 

It is demonstrated that gun metal bronze melts may 
be effectively degassed by the use of a vacuum cham- 
ber. A simple arrangement consisting of a two-part 
chamber and a mechanical vacuum pump, developed 
at the Naval Research Laboratory, serves as a practical 
foundry degassing unit. Comparison of castings poured 
with and without vacuum degassing treatments indi- 
cates marked improvements in tensile strength, tensile 
ductility and pressure tightness. The use of the equip- 
ment and variables of operation are described. 


Introduction 


The problem of producing pressure-tight bronze 
castings is complicated by the fact that bronze is sus- 
ceptible to porosity of various types. It has been 
shown that in alloys such as bronze, which solidify 
with the development of a general mushy condition, 
the ilow of feed metal is difficult, and accordingly 
interdendritic shrinkage porosity may develop. In ad- 
dition, gas which was dissolved in the melt may be 
evolved during solidification. Such gas evolution may 
intensify the severity of the shrinkage voids or result 
in globular porosity which, if present in sufficient 
quantities, may become interconnected and permit 
leakage. 

The following two methods of reducing the extent 
of the porosity conditions in bronze are apparent: 
(1) to increase the degree of directional solidification 
such that more open channels to the riser are pro- 
vided and (2) to reduce the gas content of the melt 
to a level such that gas evolution during solidifica- 
tion does not occur. Studies pertaining to the first 
method were reported in a previous paper! where 
it was shown that wedge-shaped lateral chills could 
be employed on bronze castings to accentuate direc- 
tional solidification with the result that pressure 
tightness characteristics were markedly improved. 

Various methods, such as modified melting prac- 
tices, chemical treatments and inert gas flushing, have 
been employed to obtain low gas contents in bronze 
melts but consistent results have not been obtained. 
Recently, however, a vacuum technique? was devel- 


* Metal Processing Branch, Metallurgy Division, Naval Research 
Laboratory. Washington, D. C. 
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oped at the Naval Research Laboratory which is suit- 
able for degassing commercial melts. The vacuum 
treatment of melts has proved to be a positive means 
of reducing the gas content of aluminum alloys. It 
was shown that regardless of furnace charge or melt- 
ing practice, consistent freedom from gas porosity 
can be obtained in aluminum-base castings if the 
melts were vacuum degassed prior to pouring. 

Because of the excellent results obtained with 
aluminum alloys the present investigation was ini- 
tiated to determine if similar improvements would 
result for bronze castings poured with vacuum de- 
gassed melts. 

Description of Vacuum Unit 

The vacuum degassing unit, Fig. 1, consists essen- 
tially of a chamber which is evacuated by means of 
a 5-hp mechanical vacuum pump. In operation the 
upper part of the chamber is lifted from the base 





BOTTOM CHAMBER 


Fig. 1— Photo of NRL vacuum degassing unit. 
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by means of a crane, and a crucible of molten metal, 
melted in a conventional oil, coke or gas furnace, 
is placed on a refractory stool within the chamber. 
The weight of the top of the chamber, when lowered 
back into position, is sufficient to maintain a vac- 
uum-tight seal on the neoprene gasket at the joint, 
and bolting is not required. During the vacuum treat- 
ment the boiling action within the melt due to gas 
evolution can be observed through a pyrex sight 
glass at the top of the chamber. The chamber is 
also equipped with a pressure gage and a thermo- 
couple tube which projects into the crucible of molten 
metal. Pressures below 0.1 mm can be obtained with- 
in the system. After the degassing treatment the valve 
to the pump is closed and air is allowed to enter the 
chamber through the vacuum release valve so that 
the top of the chamber can be lifted and the melt 
removed and poured. 

Between the chamber and pump is a water-cooled 
trap which prevents elements such as magnesium and 
zinc, which partially distill from the melt under vac- 
uum, from entering and damaging the pump. Since 
the bronze must be superheated to higher than con- 
ventional temperatures to insure that it can be re- 
moved from the degassing chamber at the desired 
pouring temperatures, a considerable amount of zinc 
oxidation occurs within the chamber during the 
short interval required to exhaust the air from the 
chamber at the start of the treatment. While the cold 
trap will collect the zinc vapor it will not collect 
all of the zinc oxide, so to avoid contamination of 
the pump from this source an oxide trap, consisting 
of a container of steel wool, is present in the line. 


Experimental Procedures 


Two hundred pound heats of Navy gun metal hav- 
ing nominal analyses of 88 per cent copper, 8 per 
cent tin and 4 per cent zinc were melted in either 
an induction furnace or an oil-fired furnace. For all 
heats the residual elements, Pb, Ni, Fe, Al and Mn 
were less than 0.01 per cent. Oil furnace heats were 
melted under a slightly oxidizing flame without a 
cover over the melt; induction furnace melts were 
melted under a charcoal cover. The melts were su- 
perheated to between 2200 and 2600 F depending 
upon the furnace used, the degassing time to be em- 
ployed, and other test variables as described later. 
Except where otherwise noted, 2 oz of phosphor cop- 
per were added to each 100 lb of melt prior to pour- 
ing. Pouring temperatures were standardized at 
2000 F. The bar and bushing test castings used in 
this study and the method of gating and risering are 
illustrated in Fig. 2. The molds for the castings were 
made of an AFS No. 80 synthetic sand bonded with 
3 per cent cereal and 3.5 per cent bentonite and were 
air dried for 24 hr prior to casting. 

The condition of soundness of the castings was 
evaluated by means of hydraulic pressure tests. In 
the case of the bar castings the test specimens were 
\4-in. thick transverse sections removed at 3-in. in- 
tervals along the lengths of the bars. If all the test 
specimens removed from a bar could withstand 400 
psi the bar was considered sound. In the case of the 
bushings, 14 in. of metal was removed from the inner 
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Fig. 2— Bar and bushing test castings. 


and outer bushing surfaces after which the castings 
were subjected to the pressure test. If no leakage oc- 
curred at 400 psi pressures, an additional 4g in. 














+ sPRuE ¢ 
















mae neanaae 


v\y 








\\ 
\\S 











7 
SPRUE ¢~~' Sng WIDE 


Fig. 3 — Keel block and web test bar castings. 
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of metal was removed from each surface (reducing 
wall thickness by 14 in.) and the bushing was again 
tested. This procedure of reducing wall thickness in 
\Z-in. steps and hydraulically testing was continued 
until either leakage occurred at 400 psi pressures or 
until the wall thickness was reduced to 4 in. 

Tensile properties were determined both from the 
separately cast bars and keel blocks, Fig. 3, and from 
0.357-in. diameter specimens removed from the bar 
castings having 4-in. x 4-in. cross sections. 


Pressure Tests 


Bar Castings. The condition of soundness of the 
various non-degassed and vacuum degassed bars is 
indicated in Tables 1 and 2. It may be noted from 
Table 2 that the lowest pressures attained within the 
degassing unit varied from about 200 to 1000 microns 
and are dependent upon the time of treatment and 
the initial gas content of the melt. The degassing 
times were deliberately varied in many of the tests 
to determine how this variable affected the integrity 
of the casting; in other cases the degassing time was 
limited by the time required for the melt within the 
unit to reach the desired pouring temperature. The 
vacuum treated heats, as indicated in Table 2, were 
made by three procedures; one was to melt virgin 
copper and tin and add the zinc after the vacuum 
treatment; another was to melt foundry returns and 
after degassing, add sufficient zinc to replace that lost 
by oxidation and distillation; and a third procedure 


TABLE |] — PrREssuRE TEst RESULTS FOR NON-DEGASSED 
Bars OF VARIOUS LENGTHS* 








Pressure Pressure 
Casting Metal Tightness Casting Metal Tightness 
12-in. 24-in. 
SA Virgin O.K. 24 Remelt NG. 
SB Virgin O.K. 24 Remelt N.G. 
PC Remelt NG. 24R Virgin NG. 
YN Remelt N.G. 24S Virgin N.G. 
SC12 Virgin O.K. 24T Virgin NG. 
CB Virgin O.K. 
- Virgin NG. 
16-in. 30-in. 
16 Virgin N.G. 304 Remelt NG. 
16B Virgin O.K. 3012 Virgin N.G. 
16C Virgin N.G. 3013 Remelt NG. 
16D Virgin NG. 300 Virgin O.K. 
16F Virgin N.G. 30W Virgin O.K. 
16K Virgin O.K. 30X Virgin NG. 
16N Virgin NG. 30Y Virgin O.K. 
160 Virgin O.K. 3041 Remelt NG. 
16P Virgin N.G. 30121 ~=Virgin N.G. 
16Q Virgin NG. 30131 Remelt NG. 
16R Virgin N.G. 3034 Remelt N.G. 
16S Virgin O.K. 30341 Remelt N.G. 
3033 Remelt N.G. 
3036 Remelt N.G. 
3035 Remelt N.G. 
20-in. 
20 Remelt N.G. 
- Virgin N.G. 
20S Virgin NG. 
20V Virgin O.K. 
20W Virgin O.K. 
202 Virgin O.K. 
20AA Virgin O.K. 
20AB Virgin NG. 
20AC Virgin NG. 


* 400 psi max pressure 
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was to melt and degas a heat of copper, after which 
both tin and zinc additions were made. 

In all of the virgin metal heats listed in Table 2, 
the Zn was added after degassing. The pressure tight- 
ness tests indicated comparable results with all meth- 
ods. The zinc-free melts, however, are more easily 
handled in the degassing unit since with zinc-bearing 
melts the evolution of zinc oxide and zinc vapors 
within the chamber tend to make it difficult to ob- 


TABLE 2 — PrEssURE TEsT RESULTS FOR 
VacuuM TREATED Bars** 








Degassing 
Time, Pressures, Pressure 
Casting min microns Metal Tightness 
16A6 12 725 Virgin O.K. 
16E 10 375 Remelt O.K. 
16G 7 1400 Virgin O.K. 
16H 9 400 Remelt O.K. 
16L* 14 400 Virgin O.K. 
16M* 12 375 Virgin O.K. 
16S 19 240 Virgin O.K. 
16T 5 1000 Virgin O.K. 
20A 1214 475 Remelt O.K. 
20B* 1214 975 Virgin O.K. 
20C* 11% 600 Virgin N.G. 
20D 1414 150 Virgin N.G. 
20E 15 1000 Virgin O.K. 
20G 15 750 Virgin O.K. 
20H 614 1000 Virgin O.K. 
201 91% 1000 Virgin O.K. 
20] 4 1000 Virgin O.K. 
20K 5 1000 Virgin O.K. 
20L 6 500 Virgin O.K. 
20M 4 500 Virgin O.K. 
20N 5 325 Virgin O.K. 
200 10 200 Virgin O.K. 
20P 20 250 Virgin N.G. 
200 20 1000 Virgin N.G. 
20R 20 150 Virgin O.K. 
20T 12 750 Virgin O.K. 
20U 12 750 Virgin O.K. 
20Y 20 275 Virgin NG. 
20AE 10 800 Remelt O.K. 
20G1 914 900 Remelt O.K. 
24A 13 450 Virgin O.K. 
24 1314 450 Virgin O.K. 
24B 1214, 850 Remelt O.K. 
24C* 13 300 Virgin O.K. 
24D* 14 450 Virgin NG. 
24E 8 250 Remelt O.K. 
241 5 500 Virgin O.K. 
24] 20 975 Virgin O.K. 
24K 20 1000 Virgin O.K. 
24L 15 250 Virgin O.K. 
240 20 250 Virgin NG. 
24P 20 1000 Virgin N.G. 
24V 15 475 Virgin O.K. 
30A 15 500 Virgin O.K. 
30B* 1314 125 Virgin O.K. 
30C* 1414 575 Virgin O.K. 
30D 13 225 Virgin O.K. 
30E* 15 120 Virgin O.K. 
30F 17 200 Virgin N.G. 
30G 7 250 Remelt NG. 
30H 12 00 Virgin N.G. 
301 10 450 Virgin O.K. 
30] 23 250 Virgin O.K. 
30K 20 190 Virgin NG. 
30L 5 1000 Virgin O.K. 
30M 20 1000 Virgin N.G. 
30V 18 350 Virgin NG. 


* Pure copper melt was vacuum degassed and Sn as well as 
Zn added after treatment. 
** 400 psi max. pressure. 
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serve the action of the melt through the sight glass. 
It is necessary that the operator be able to see the 
melt, particularly when it is highly gassed, since he 
must control the boiling action resulting from gas 
evolution by manual operation of the valve to the 
pump. A too rapid reduction in the pressure often 
causes the molten metal to boil over the top of the 
crucible. 

Since no advantage results from adding the tin after 
degassing rather than before, it is recommended that 
when virgin metals are used the tin be melted with 
the copper. 

For heats made of pre-alloyed bronze ingot or 
foundry returns the rate of zinc losses within the vac- 
uum chamber is indicated in the following table: 


Time, min Zinc loss, % 
+ 20 
6 33 
8 40 
12 50 


Thus for a degassing period of 6 minutes approxi- 
mately a third of the original zinc content will have 
been removed from the melt and a corresponding 
zinc adjustment is necessary prior to pouring. 

The pressure test results of all the bars listed in 
Tables 1 and 2 are summarized graphically in Fig. 4. 
This figure shows the percentage of bars of each 
length from which all of the 4 x4x 4-in. specimens 
passed the severe 400-psi pressure test described ear- 
lier. It may be noted that for each bar length a 
higher percentage of sound bars is obtained in those 
poured with vacuum treated metal. Only 57 per cent 
of the seven, 12-in. long bars cast from untreated 
metals were completely pressure tight while all eight 
of the 16-in. long bars poured with vacuum treated 
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Fig. 4— Ettect of vacuum degassing on bar soundness as 
indicated by pressure tests. Number of castings are indicated 
at each average point. 
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metal were pressure tight. For the 30-in. long bar: 
it may be noted that vacuum treatment of the melt 
increases the probability of obtaining casting sound- 
ness, as indicated by the pressure tests, from 20 to 
almost 60 per cent. 

Despite this favorable comparison for the vacuum- 
treated bars, the full extent of the improvement pos- 
sible by such treatment is not indicated in Fig. 4. 
Although degassing pressures within the ranges in- 
vestigated have no significant effect on pressure tight- 
ness, the time of the degassing treatment does, and 
fortunately, the shorter treatments produce the besi 
results. When the bars which were degassed for 5 to 
10 minutes are separated from those degassed for 
times of over 10 minutes, Table 3, it will be noted 
that the majority of the vacuum-treated bars which 
developed leakage had been degassed for periods in 
excess of 10 minutes; only one of the 19 bars de- 
gassed for the shorter periods failed to pass the pres- 
sure test. 


TABLE 3 — EFFECT OF DEGASSING TIME 
ON PRESSURE TIGHTNESS 





Degassing Time 
5-10 Minutes —~—“ More than 10 Minutes 


No. of Pres- No.of Non- No.of Pres- No. of Non- 








Bar sure-Tight Pressure-Tight sure-Tight Pressure-Tight 
Length, in. Bars Bars Bars Bars 
16 4 0 4 0 
20 10 0 7 5 
24 2 0 8 3 
30 2 ] 6 5 
Total 18 1 25 13 





The superior results obtained with the shorter de- 
gassing times supports a common foundry belief that 
“just enough gas” in the metal is desirable for pres- 
sure tightness. Under conditions where feeding to 
complete soundness is not possible due to an inade- 
quate gradient condition, as is the case for the long 
bar castings, a small quantity of gas will tend to 
globurize, into isolated regions, the normally long 
stringer voids resulting from a feed metal deficiency. 

This is illustrated in Fig. 5 which presents micro- 
graphs obtained from the geometric center, normally 
the least sound area, of 4 x 4 x 30-in. bars poured 
with untreated bronze and with bronze which had 
been vacuum treated for periods of 6 and 20 minutes. 
The voids in the untreated metal are so numerous 
that the formation of continuous channels through 
the casting cross section is highly probable. With 
moderate degassing, the severity of the porosity con- 
lition is greatly reduced and the probability of con- 
tinuous void alignments is also markedly reduced. 
The distinct shrinkage type of porosity resulting from 
the more complete exhaustion of gas from the melt, 
Fig. 5 right, obviously would result in a tendency for 
the casting to lose its pressure tightness characteristics. 

A further statistical compilation of the data ob- 
tained for untreated and treated bars for all degass- 
ing times is shown in Fig. 6. This figure shows the 
relative degree of soundness at various locations along 
each length of bar as indicated by the percentage of 
individual test specimens removed from these loca- 
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Fig. 5— Effect of degassing time on porosity conditions. 

Specimens removed from geometric center of 4x4x20-in. bar 

castings. Mag.— 40X. Top, degassed 20 min; center, de- 
gassed 6 min; bottom, nondegassed. 
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Fig. 6 — Per cent of '%x4x4-in. specimens from all bars at 
various locations which did not leak at 400 psi. Number of 
castings are indicated in brackets. 


tions which could withstand the 400-psi hydraulic 
pressure test. Degassing the metals results in a greater 
differential between treated and untreated bars in 
the shorter lengths than in the longer length bars; 
however, a general decrease in the overall soundness 
occurs in the degassed bars as the bar length in- 
creases. It may be noted also that there is a tendency 
for a higher degree of soundness to be obtained at 
the casting edge. This pattern is to be expected from 
thermal analyses studies presented earlier! which 
show a higher degree of directional solidification at 
this location. A similar but less pronounced effect 
is noticed for near riser position. 

Bushing Castings. The pressure tightness data 
obtained from the bushings poured with untreated 
and vacuum degassed metal are shown in Table 4 
and also in Fig. 7 which includes all the vacuum 
degassed bushings made, irrespective of the treatment 
time. Again a marked improvement results from the 
vacuum treatment; all of the bushings poured with 
degassed metal could withstand hydraulic pressures 
of 400 psi after the first two machining operations 
which reduced the wall thickness from | in. to 5 in., 
while at least half of the untreated bushings leaked 
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TABLE 4 — PressuRE TEST RESULTS FOR BUSHINGS 
(400 pst MAX PRESSURE) 


Degassing 


Time, Pressure, Wall Thickness, in. 
Casting min microns Metal %/, 5h % 3% Y, 


Degassed Bushings 
SD8 7% 300 Remelt OK OK OK OK OK 
SD9 8 300 Remelt OK OK OK OK OK 
VDI 20 200 Virgin OK OK 200 200 100 
VD4 20 1000 Virgin OK OK 200 100 100 
VD5 5 1000 Virgin OK OK OK OK OK 
VD6 5 1000 Virgin OK OK OK OK OK 








VDI1 20 275 Virgin OK OK OK OK OK 
VDI2 25 180 Virgin OK OK OK = 300 100 
VDI3 20 290 Virgin OK OK OK OK OK 
VDI14* 17 225 Virgin OK OK OK OK OK 
Non-degassed Bushings 
1 - - Remelt OK OK 25 0 0 
2 — — Remelt 50 0 0 0 0 
3 _ - Virgin OK OK OK OK 50 
4 _ = Virgin 300 100 100 100 100 
5 - — Remelt 300 300 100 50 0 
6 _ — Remelt OK 300 200 100 100 
7 _ oo Remelt 100 0 0 0 0 
8 _ — Virgin OK OK OK = 300 100 
9 -- _ Remelt OK OK _ 200 100 0 
10 _ =_ Remelt 250 0 0 0 0 
ll _ —- Virgin 300 300 200 100 0 
12 — Virgin OK OK OK __ 100 0 


* Pure copper melt was vacuum degassed and Sn as well as Zn 
added after treatment. 
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TaBLe 5 — PROPERTIES DETERMINED FROM % -IN. WEB 
WesertT 0.505-1n. Diam TENSILE SPECIMENS 








Tensile 
Metal Strength, Elongation, Reduction Chemical Analysis 
Treatment psi % of Area,% Cu Sn Zn 
Heat 1— Foundry Returns 
None 35,250 15 12 88.69 8.07 3.24 
None $6,000 20 18 
None 34,250 15 18 
None 30,000 10 7 
Degassed 43,750 25 30 89.20 842 2.28 
Degassed 40,000 20 14 
Degassed 39,750 20 29 
Degassed 35,500 15 28 
Heat 2 — Virgin, Zn Degassed 
None 42,000 25 29 87.78 7.94 4.28 
None 42,000 20 17 
None 42,750 25 22 
None 42,000 20 18 
Degassed 50,000 — 24 87.83 8.39 3.78 
Degassed 47,000 30 37 
Degassed 43,750 20 25 
Degassed 47,500 30 33 
Heat 3 — Virgin, Zn Added After Degassing 
Degassed 44,750 25 37 87.58 820 4.22 
Degassed 53,500 20 , 18 
Degassed 45,250 30 27 
Degassed 43,250 20 18 








in this condition. At a wall thickness of 14 in., 70 
per cent of the bushings poured with degassed metal 
withstood 400-psi pressures whereas under the same 
test conditions all bushings poured with untreated 
metal failed. 

As was the case for the bars, the degree of pressure 
tightness of the bushings was impaired when poured 
with melts subjected to vacuum treatments for pe- 
riods in excess of 10 minutes, while the method of 
preparing the melt and degassing pressures were with- 
out effect. The four bushings which were poured 
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with melts degassed for less than 10 minutes could 
withstand 400-psi hydraulic pressures even after be- 
ing machined to wall thicknesses of 4 in., Fig. 8, 
while the three that failed in this condition had been 
degassed for periods of 20 and 25 minutes. 
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TABLE 6 — PROPERTIES DETERMINED FROM KEEL 
Buiock, 0.505-1n. DiAM TENSILE SPECIMENS 





Tensile 
Metal Strength, Elongation, Reduction Chemical Analysis 
Treatment psi % of Area,% Cu Sn Zn 





Heat 1— Foundry Returns 


None 35,000 25 16 87.98 8.06 3.96 
None 34,000 25 16 
Degassed 49,250 48 31 87.83 8.23 3.94 
Degassed 50,750 48 32 
Degassed 51,250 50 33 
Degassed 50,750 50 $2 
Heat 2 — Virgin, Zn Degassed 
None 41,250 38 33 87.98 8.08 3.94 
None 40,000 40 23 
Degassed 47,500 50 43 87.47 8.38 4.15 
Degassed 47,750 53 42 
Degasstd 48,500 55 50 
Degassed 49,250 60 37 
Heat 3 — Virgin, Zn Added After Degassing 
Degassed 42,750 45 47 87.85 8.10 4.05 
Degassed 42,000 50 50 
Degassed 45,000 60 58 
Degassed 44,500 45 - 





Tensile Properties 

Tensile properties were determined from 0.505-in. 
diameter specimens obtained from web test bars and 
keel blocks, Fig. 3, cast with melts in both the vac- 
uum treated and untreated condition. Untreated 
melts were made with charges consisting of either 
foundry returns or virgin metals. Vacuum treated 
melts were prepared by three methods: (1) melting 
and degassing of foundry returns, (2) melting and 
degassing of melts made with virgin metals with the 
zinc addition made prior to degassing, and (3) same 
as (2) with the zinc addition made after degassing. 
The degassing period for these melts was 6 minutes 
and for the case of these test bar studies only, no 
phosphor-copper additions were made to the melts. 
For each comparison the untreated and treated speci- 
mens were poured from the same crucible of metal. 
The procedure was to heat the melt to 2000 F and 
pour the untreated specimens; the remainder of the 
melt was superheated, degassed and the additional 
specimens were poured at 2000 F. 

The composition and properties obtained from the 
two types of test coupons are listed in Tables 5 and 
6. Both types of test bars show that an improvement 
results from vacuum degassing; however, it may be 
noted that far better ductility values are shown for 
vacuum degassed specimens obtained from the keel 
blocks. The inferior properties shown by the web 
bar are due to the fact that complete feeding of the 
bar cannot occur through the %g¢-in. web and if 
gas porosity is eliminated as a result of vacuum de- 
gassing, shrinkage porosity will occur in its place. 
The design of the keel block however, is such that 
more complete feeding is possible and with a suffi- 
ciently long degassing time a bar essentially free of 
both gas and shrinkage .porosity may be obtained. 

Porosity, whether it be of gas or shrinkage origin, 
will impair mechanical properties; thus the relative 
degree of soundness of castings can be indicated by 
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the tensile properties. Such methods were used to 
evaluate the degree of soundness of untreated and 
vacuum degassed bar castings having dimensions of 
4x4x20 in. Tensile specimens, 0.357 in. D, were 
obtained from the center and edges of the bars at 
the four locations along their lengths indicated in 
Fig. 9; the properties thus obtained are shown in 
Table 7 and Fig. 9. Regardless of melt treatment the 
properties at the centers of the castings are inferior 
to those near the casting edges due to the higher 
degree of soundness inherent to casting surface loca- 
tions. However, the properties of the vacuum treated 
bars are more reproducible and are superior to those 
at comparable locations in the untreated bars. 

The tensile strengths average 10,000 psi higher and 
the ductility values at the edge locations are in the 
order of 100 per cent higher in the castings poured 
with vacuum treated melts. Significant superiority in 
elongation and reduction of area values at the center- 
line locations in bars poured with vacuum degassed 
melts is evident only at the casting extremities where 
favorable feeding conditions exist. The low ductility 
values at intermediate locations along the centerline 
of the vacuum degassed bars are the result of shrink- 
age and are beyond improvement by vacuum degass- 
ing treatments; better properties at these locations 
may be obtained by the use of chills or additional 
risers to provide more complete feeding. 


TABLE 7 — PROPERTIES OBTAINED FROM 4-IN. x 4-IN. x 
20-1n. BAR Castincs, 0.357-1In. DIAM TENSILE 








SPECIMENS 
Distance Reduction 
from Tensile Strength, psi Elongation, % of Area, % 
Riser,in. Edge Center Edge Center Edge Center 
Degassed Bar (Cu-88.08%; Sn-7.69%; Zn-4.28%) 
1 46,500 46,000 40,300 56 49 49 53 58 74 
7 45,400 42,200 33,000 57 61 33 66 63 39 
13 33,000 42,500 31,200 19 49 29 23 54 33 
19 25,000 40,000 33,000 — 43 32 — 52 50 
Degassed Bar (Cu-87.52%; Sn-8.03%; Zn-4.45%) 
1 44,200 42,100 34,600 61 52 39 61 79 61 
7 40,200 42,400 31,200 48 69 $1 651 66 41 
13 41,300 43,200 28,100 44 50 21 62 61 23 
19 37,100 39,200 32,200 39 60 26 «6465 69 57 
Degassed Bar (Cu-87.76%; Sn-7.93%; Zn-4.31%) 
1 41,000 43,800 —-- 46 66 — 5472 _ 
7 39,700 43,100 19,000 54 47 16 71 59 23 
13 40,100 45,000 26,500 61 47 19 72 66 35 
19 40,800 40,000 31,800 54 42 39 70 52 42 
Non-degassed Bar (Cu-87.63%; Sn-8.26%; Zn-4.11%) 
1 30,600 23,500 19,200 28 — 8 2617 17 
7 26,400 24,200 16,000 19 14 — 20 13 7 
13 26,200 21,400 -—— 18 17 — 25 14 _ 
19 24,000 26,500 -—— 9 14 — 14 24 _ 
Non-degassed Bar (Cu-87.82%; Sn-7.77%; Zn-4.41%) 
1 35,000 37,600 22,600 29 36 14 37 29 14 
7 29,500 35,600 23,400 26 32 — 29 42 24 
13 36,000 34,800 23,500 34 32 22 41 $2 35 
19 33,900 30,100 25,000 23 20 41 28 42 26 
Non-degassed Bar (Cu-87.83%; Sn-7.66%; Zn-4.51%) 
1 27,800 22,100 20,500 _, 16 37 28 29 
7 16,500 17,600 19,500 2 10 17 5 8 25 
13 26,400 32,000 16,800 21 24 — 24 26 14 
19 -—- -— -_- -_-- — -- - 
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Summary and Conclusions 

The mechanical. properties and pressure tightness 
characteristics of G bronze castings are impaired by 
porosity resulting from gas precipitation and shrink- 
age. It has been shown that by subjecting bronze 
melts to a vacuum degassing treatment for a period 
of 6 to 10 minutes prior to casting, gas porosity can 
be eliminated. 

Studies conducted to establish the effects of de- 
gassing treatments on mechanical properties and 
soundness as measured by pressure tightness, indicat- 
ed the following conclusions: 

1. Vacuum degassing results in a two- to three-fold 
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increase in the probability of developing a high order 
of pressure tightness at locations removed from risers. 
This was indicated by pressure tightness tests of 
Y4-in. transverse slices taken from 4x 4-in. bar cast- 
ings of lengths varying from 12 to 30 in. Similar 
improvements were obtained in pressure tests of 20-in. 
long bushings cast with 1-in. thick walls and machined 
in steps to wall thicknesses of 4 in. 

2. Vacuum degassing resulted in marked improve- 
ments in the tensile properties of %,-in. web and 
keel block test bars. Keel block specimens of degassed 
G bronze which is essentially free of residual elements, 
developed 47,500 to 50,750 psi tensile strength and 
48 to 60 per cent elongation. 

3. The tensile properties in 4 x 4 x 20-in. bar 
castings, as determined from specimens removed from 
various locations in the castings, are markedly im- 
proved as a result of vacuum treatment of the melts. 
Tensile strength values are increased approximately 
10,000 psi and tensile ductility values are approxi- 
mately doubled. 

The inherent characteristics of G bronze to develop 
shrinkage due to feeding deficiencies is a problem 
apart from the gas problem. To obtain the ultimate 
in soundness in sections which are beyond the riser 
feeding range, measures such as chilling to accentuate 
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DISCUSSION 


Chairman: R. A. Cotton, Federated Metals Div., American 
Smelting & Refining Co., Barber, N. J. 

Co-Chairman: R. B. Fiscuer, Ingersoll Rand Co., Phillipsburg, 
N. J. 


N. A. Bircu (Written Discussion)l: This is a very interesting 
paper. As a metallurgist who has been examining critically, and 
often skeptically, many of the rituals commonly employed in 
the melting of copper-base alloys, I have had to concede that 
the old timer’s concept of “just enough gas” in certain types of 
alloys is a more practical solution to shrinkage defects than di- 
rectional solidification and risers. In reaching for some logical 
explanation, I have assumed that for certain mushy alloys it ap- 
pears that the right amount of occluded gas will yield well- 
dispersed micro shrink, and that this apparently exactly com- 
pensates for the volume change on solidification. It is helpful to 
my morale to find that the authors have developed evidence to 
justify this particular trick of the trade. Contrary to current 
theory, I have seen our old time melters cure shrinkage troubles 
by remelting “rusty” castings (oxidized shrink visible on frac- 
ture) with adjustment of the furnace controls to increase the re- 
ducing atmosphere. 

High zinc loss, however, seems to limit practical application 
of the vacuum treatment to alloys of low zinc content. 


W. H. Baer (Written Discussion*)2: The vacuum degassing 
unit developed at the Naval Research Laboratory sponsored by 
the Bureau of Ships, is considered by the Navy as one of the 
most important developments in the nonferrous industry in re- 
cent years. 

The foundry techniques involved in the use of the apparatus, 
the mechanics of operation, and the improvement obtained in 
pressure tightness and tensile properties of gun metal are very 
well described and proven in the paper just presented. 

It has been my impression that the foundry industry in gen- 
eral, when presented with a newly developed piece of equipment 
of this type, nearly always permit their thoughts to be channeled 
into one of the following two extremes. The first extreme would 
be the person who decides, after hearing the presentation or 
reading the paper, that it sounds very good but this work was 
all done under laboratory conditions and therefore he does not 
think that he could use the equipment in his foundry. 

The other extreme would be the person who, after hearing 
the presentation and reading the paper, decides that this is the 
ultimate answer to all of his foundry difficulties and by install- 
ing a unit immediately, he will have no more defective castings. 
Following installation of the equipment and using it for a period 
of possibly six months, he finds that he still has defective cast- 
ings. Based on his experience, this person will take a dim view 
of any new developments in the future. 

It is our thought that the vacuum degassing unit has enormous 
potential as another tool in the foundry industry, if used in the 
proper manner. However, we would like to convey a word of 
caution in regard to the limitation of the equipment. 

As stated before, the vacuum degassing unit is not a cure-all 
for defective castings. Vacuum degassing the metal will not re- 
sult in a good casting if improper foundry procedures are em- 
ployed, with respect to gating, risering and chilling. In effect, in 
order to obtain the advantages of vacuum degassed metal, larger 
and possibly more risers must be used on a casting, because the 
elimination of gas from the metal minimizes the back pressure 
from that gas, and the result is more feeding of the areas under 
and adjacent to the riser is possible, therefore more feed metal is 
required. 

One of the most important limiting factors in the use of 
the vacuum degassing unit on a production basis is the loss of 
temperature during the period of time necessary to degas the 
melt. This loss of temperature is increased if the vacuum degas- 
sing unit is not located close to the furnace and the molds to 


1. Vice President-Operations, National Bearing Div., American Brake Shoe 
Co., St. Louis, Mo. 

2. Head, Casting and Forging Section, Code 592, Bureau of Ships, Navy 
Dept., Washington, D. C. 


*Opinions or assertions contained herein are the private ones of the au- 
thor and are not to be construed as official or reflecting the views of the Navy 
Department or the naval service at large (Article 1252, Navy Regulations.) 
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be poured. It is also imperative that the proper mechanical han- 
dling facilities are available at the right time and in the right 
place to remove the crucible from the furnace to the degassing 
unit, and then from the degassing unit to the molds that are to 
be poured. 

The accumulative loss of temperature due to the handling and 
operations that are necessary, will result in cold metal and there- 
fore a defective casting. However, most of the problems related 
to the loss of temperature can be overcome if careful considera- 
tion is given to all possible difficulties discussed in the paper and 
presented in this discussion. 

It is suggested that anyone anticipating using the vacuum de- 
gassing unit in his foundry, investigate thoroughly first, then fol- 
low by using the unit on a “selective” case basis for “problem” 
castings that are continuously defective. Following a period of 
“selective” use, the foundry personnel will be familiar with the 
operation of the unit to the extent that they will be able to 
increase the use of the unit on a semi-production basis. This pro- 
cedure will determine the limitations of the vacuum degassing 
unit within their own foundry. 

In conclusion, it is our opinion that the vacuum degassing unit 
if used in the proper manner, and careful consideration given to 
all the problems previously mentioned, can and will be a great 
help to many foundries for their “problem castings.” 


J. E. Fries (Written Discussion)3: Results of this report are a 
valuable contribution to our understanding of tin bronze melting 
problems. The report demonstrates graphically the effect of gas 
content, and I think the authors deserve much credit for the 
unique way in which they have approached the subject. 

I found the paper particularly helpful in its comparison of phy- 
sical properties obtained on the keel block, and the web type test 
bars. The concept of “just enough gas” explains clearly the ob- 
served behavior of these test bars. The report also suggests a 
good explanation of the function of zinc in manganese bronze and 
yellow brasses. These alloys are relatively free from gas troubles, 
because they have a zinc vapor pressure which is high enough 
compared to atmospheric pressure to allow for a purging action 
by the zinc. The authors, using a tin bronze, have lowered the 
atmospheric pressure to a level which causes the dissolved gasses 
to purge themselves out of solution because their vapor pressures 
become high relative to the surrounding atmosphere. 

The process which they use has, however, certain inherent dis- 
advantages, which in my opinion would limit its practical use in 
industry. I would think that, using the same care in melting, one 
could achieve equivalent results, even to the existence of “just 
enough gas” by means of an oxidizing flux followed by deoxida- 
tion. The authors do make mention of “chemical treatments” in 
their introduction, and I assume that this covers oxidizing fluxes. 
They say that consistent results have not been obtained. I cannot 
understand why results would be less consistent when employing 
oxidizing fluxes, if the same care were given to the rest of the 
melting procedure. The vacuum treatment requires extremely 
high superheating, which in itself is expensive both from the fuel 
and refractory standpoint. Equipment large enough to treat melts 
of the order of 2,000 and 3,000 Ib would have to be rather large 
and unwieldy. 

If it has not already been done, I would certainly be interested 
to see the identical experiment performed (i.e., same test bars, 
pressure tests, etc.) using oxidizing fluxes followed by deoxidation. 


H. C. AnL4: Would the authors define their meaning of the 
terms “scrap” charge and “virgin” charge? Is “scrap” purchased 
or foundry run-around. 

Mr. JOHNSON: “Scrap” as used in this discussion consisted strict- 
ly of the gates and risers or foundry run-around from previous 
virgin metal heats. No purchased scrap was used. 

P. L. Buter5: If zinc is added before superheating the molten 
metal at 2400 F, does vaporization of zinc during superheating 
effect degassing as well as degassing by vacuum before zinc ad- 
dition? 

G. B. HALLIWELL®; Mechanical properties obtained on the 54¢-in. 
web test bar, recommended by the Navy, are poorer than those 
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4. Project Engineer, American Brake Shoe Co., Meadville, Pa. 

. Metallurgist, Arwood Precision Casting Co., Brooklyn, N. Y. 
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required by specifications. Why? If presence of gas interferes with 
feeding, then the removal of gas should improve these proper- 
ties. We have no difficulty in obtaining properties equal to or 
better than shown in the paper by the use of the 54-in. horizontal 
web test bar poured at 2050-2100 F. 

E. F. Tissetts?: The mechanical properties obtained from 
standard Navy test bars for non-degassed heats are lower than 
regularly obtained in industry. Can the authors explain why? 


W. L. Rupin8:; Have the authors evaluated the temperature loss 
in clay bond or silicon bond crucibles? Does crucible thickness 
have much effect? If 5 min degassing time lowers metal tempera- 
ture too low, what effect on properties would additional phosphor- 
copper have if added for increasing fluidity? 

J. Kevertan®: Would the authors comment on the practicality 
of applying the technique of pouring molten metal into a ladle 
in a vacuum chamber rather than degassing a ladle of molten 
metal? The method used by the authors exposes a relatively low 
surface area to volume ratio for degassing. Pouring into a vacuum 
chamber exposes a high surface area to volume ratio thereby en- 
hancing degassing. This method might lead to less drop in tem- 
perature than presently experienced. 


JOoHNsoN, BisHop, AND PELLINI (Authors’ Closure): Mr. Birch 
perhaps places too much emphasis on the concepts of “just 
enough gas” in suggesting this as a more practical solution for 
eliminating gross shrinkage than directional solidification and 
risers. It is the authors’ belief that “just enough gas” is desirable 
only when the best risering and chilling measures are not suffi- 
cient to provide the necessary conditions for feeding. 

The authors are in agreement with Mr. Baer’s comments. 

In reply to Mr. Butler’s question, it is probable that zinc 
vaporization may effect some degree of degassing — any boiling 
action will, whether it is a natural action or a synthetic action 
such as inert gas treatment. However, superheating favors gas 
absorption and we do not know whether the net effect of super- 
heating a zinc-bearing alloy is one of increasing or decreasing 
gas content. 


7. Vice President, Wollaston Brass & Aluminum Foundry, Inc., North 
Quincy, Mass. 

8. Chief Engineer, Elesco Smelting Corp., Chicago. 

9. Foundry Dept., General Electric Co., Schenectady, N. Y. 
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In answer to questions pertaining to test bar properties, it is 
our conclusion that complete feeding is impossible through the 
54g-in. web of the web test bar. The bar itself is twice the 
thickness of the web through which feed metal must flow, thus 
the web will become solidified while the test bar still requires 
feed metal. If the metal is gas free the resultant porosity in the 
test bar will be shrinkage, if gas is present the voids will be 
filled with gas; both types of porosity are equally detrimental 
to mechanical properties. Gas removal will improve feeding, 
but only when design features of the casting are such that 
directional solidification can occur to make improved feeding 
possible. Mr. Halliwell, in using a 54-in. web rather than a 
34,-in. web has established conditions where the riser contact 
remains open long enough to adequately feed the casting — in 
effect he is approaching conditions obtained in the keel block 
and of course better properties should be obtained; the prop- 
erties in the 54-in. web bar should approach those obtained in 
the keel block. The question of test bar design emphasizes a 
point brought out by Mr. Baer, viz., that improved metal 
quality is not a “cure all”,—correct risering and casting design 
must accompany improved melt quality if benefits are to be 
derived. 

In reply to Mr. Tibbetts, the properties contained in non- 
degassed test bars are comparable to some reported by industrial 
foundries. Admittedly they are below average, but we subjected 
the melts to no special treatment since we were interested in 
determining the effectiveness of the vacuum treatment. 

We have not evaluated the effects of crucible type or thickness 
in regards to temperature loss within the degassing chamber. 
However, we have observed, using clay graphite crucibles, that 
most of the heat is lost from the surface of the melt, and tem- 
perature losses can be markedly reduced by allowing a cover of 
charcoal to remain on the melt surface during the degassing 
operation. Probably other fluxes, or a crucible cover would also 
serve as well in conserving heat. We have observed that phos- 
phor-copper has no significant effect on mechanical properties 
and such an addition could be used to advantage in improving 
fluidity. 

The process mentioned by Mr. Keverian should provide effi- 
cient degassing. By exposing more surface area however, it 
would appear that temperature losses would be greater than 
encountered in the ladle treatment. 








G 


wr 


wes eC 








SHELL MOLDING 
PROCESS AND EQUIPMENT 


By 


J. Sutherland* and C. O. Schopp** 


ABSTRACT 

This paper illustrates advancements in shell molding 
by the equipment manufacturers and the foundry 
operators. This paper is based on the author’s knowl- 
edge and experience gained in following the develop- 
ment of shell molding from the simple dump box to 
the completely automatic multiple-station machine. No 
attempt has been made to evaluate the various mate- 
rials used in producing shell molds since there have 
been many papers written on this subject. 


Introduction 

Shell molding or the Croning process was developed 
in Germany sometime during World War II. Informa- 
tion concerning this process was first made available 
to the Foundry Industry in the United States in a 
U.S. Department of Commerce publication in 1947. 
This process, as the name implies, is the making of a 
thin resin-bonded sand mold on a hot pattern and 
baking until the resin binder has thoroughly cured. 

Castings produced in shell molds have superior 
finish and greater dimensional accuracy in comparison 
to castings produced in green sand molding. This 
results in economy in machining cost if not complete 
elimination of machining, and increased yield of cast- 
ings per ton of metal poured. In addition, castings of 
intricate design or with thin sections, can be made in 
shell molding, whereas it would not be practical to do 





*Enginecr, Foundry Division, Link-Belt Co., Chicago, Tl. 
**Asst. General Superintendent, Link-Belt Co., Indianapolis, 
Ind. 





Fig. 1— Shell mold pattern for cope and drag. 
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so in green sand molding. This process has opened up 
a completely new field in the method of casting to the 
Foundry Industry. 

Process 

The first step in the shell molding process is the 
mixing of sand and phenolic resin. The strength of 
the shell molds will be determined to a great extent 
at this step. Generally, 5 to 8 per cent resin, by weight, 
is thoroughly mixed with dry clean sand having 
an AFS fineness range from 90 to 150. Moisture or 
foreign matter in the sand will reduce the strength of 
the shell and should be held to a minimum. Addi- 
tives, such as silica flour or iron oxide, may be added 
to the sand to improve the finish but will also tend to 
weaken the shell mold. Therefore, additional resin 
must be added to maintain the desired strength if an 
additive is used. 

To obtain smooth accurate castings, it is necessary 
to use an accurately machined or cast pattern. Patterns 
for long production runs should be made of gray iron 
because of the thermal qualities of the material and 
their resistance to wear. Aluminum patterns are gen- 
erally used in experimental work, but due to their 
nature are easily nicked or marred, resulting in diffi- 





Fig. 2 — Experimental shell mold set up. 
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Fig. 3 (Lett) — Shell mold dump 

box rotated 180 degrees so that 

molding sand is in contact with 
heated metal pattern. 


Fig. 6 (Right) — Vertical pouring 
method; backing material used. 





Fig. 4 (Lett) — 
Shell mold pat- 
tern with plastic 
mold attached 
being placed in 
oven for curing. 


Fig. 7 (Right) — 

Horizontal pouring 

method; no backing 
material used. 





Fig. 5 (Left) — Shell mold clos- 

ing machine. This was originally 

a hand squeezer sand molding 
machine. 


Fig. 8 (Right) — Horizontal 
pouring; shells are supported on 
a bed of sand. 
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Fig. 9 — Single station shell molding machine. 


culty of removing the shell from the pattern. How- 
ever, many cast aluminum patterns are used on pro- 
duction work. Figure 1 shows a typical shell mold 
pattern designed to produce a complete mold on each 
cycle, containing both halves of the shell mold. Ejec- 
tor pins are incorporated into the design of the pattern 
to facilitate removal of the cured shell from the 
pattern. 

As many other foundries, the authors’ foundries 
started with experimental set-ups consisting of a dump 
box, small gas-fired oven, and simple stripping device, 
as shown in Fig. 2. 

In this experimental set-up the pattern is heated to 
150 to 500 F and sprayed with a release agent to aid 
in removal of shell from the pattern. It is then 
attached to the dump box and rotated through 180 
degrees (Fig. 3). This allows the sand mix to contact 
the pattern and to form a plastic shell by fusing the 
sand and resin mix. At this point, the desired thick- 
ness of the shell is determined by the investment or 
dwell time. Shell thickness is also dependent upon 
the pattern temperature. For example, at a 500 F 
pattern temperature with a 12-second investment, a 
shell of 14-in. thickness is usually produced. A thinner 
shell could be made by lowering the temperature or 
the dwell time, or both. However, greater variation in 
shell thickness is obtained by varying investment time 
than by varying the temperature. 

After the sand mix has been allowed to remain in 
contact with the pattern for a definite time, depending 
upon the thickness of shell desired, the dump box is 
returned to its original position. The pattern with a 
plastic mold attached is removed and placed in an 
oven to complete the resin cure (Fig. 4). Curing time 
will be determined by the oven temperature and the 
thickness of the shell, and to some extent by the resin 
used. The cured shell is then stripped from the 
pattern by means of ejector pins incorporated in the 
pattern. 

The two halves of the shell mold must then be 
closed for pouring. The generally accepted method of 
closing is by pasting the two halves together by means 
of a dry resin similar to that used in the sand mix. 
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When the shell is removed from the pattern, the dry 
resin is sprinkled on the drag or bottom half of the 
shell around the mold cavity. The cope, or top half, 
of the shell is then placed on the drag and the two are 
held tightly together. Figure 5 shows the closing 
machine the authors made using a hand squeezer. It 
is important at this stage to close the two halves light- 
ly together at the parting to prevent finning in pour- 
ing. 

In some instances, molds can be poured satisfactorily 
without closing by means of a resin or paste. If poured 
vertically, a fixture can be used to hold the two halves 
tightly together while pouring. Weights are also used 
in horizontal pouring to hold the two halves together. 

Shell molds have been poured both vertically and 
horizontally with or without a backing material. Fig- 
ure 6 shows a typical method of vertical pouring using 
a backing material. In this case, shot has been used 
as a backing material, but both gravel and sand have 
been used satisfactorily. The purpose of the backing 
material is to support the shell against the internal 
pressure of the metal during pouring. Therefore, shell 
molds poured vertically with backing can generally be 
made thinner than shell molds that would be poured 
without backing. 

Figure 7 shows an example of horizontal pouring of 
closed shell molds with no backing material. In some 
cases, it is necessary to support the shell on a bed of 
sand during horizontal pouring, as shown in Fig. 8. 
Originally, practically all shell molds were poured 
vertically, but at the present time, there is a general 
trend toward horizontal pouring. Our experience has 
indicated that the cooling time required before shak- 
ing out a shell mold is approximately double that 
required for a comparable green sand mold. This un- 
doubtedly is due to the insulating properties of the 
shell mold and the lack of moisture in the mold. 

Equipment 

From this start, foundry operators and equipment 
manufacturers have made great strides in developing 
machinery to produce shell molds on a production 
basis. 

Figure 9 shows a single station machine manufac- 
tured by Company A. This machine is designed to 
produce 50 or more shells per hour and has a pattern 
capacity of 20 in. x 26 in. with an 8-in. draw. The 





Fig. 10 — Shell molding machine; a single or double station 
unit. 
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Fig. 11 — Single station shell molding machine. 


machine is operated by air and provides for heating 
the patterns by means of strip heaters and curing with 
infra-red radiant heaters. 

Figure 10 shows a machine manufactured by Com- 
pany B which can be operated as either a single or 
double station unit. This machine is designed for up 
to a 20-in. x 30-in. pattern size and can be operated 
either manually or furnished with a mechanical drive 
for semi-automatic operation. The patterns are heated 
with individual gas burners and the shells cured by 
means of a hot air oven. 

Figure 11 shows another single station unit manu- 
factured by Company C which operates on an auto- 
matic cycle. This machine is air operated and is built 
for two standard pattern sizes, 20-in x 30-in. with a 
6-in. draw, and 26-in. x 4]-in. with an 8-in. draw. The 
oven can be furnished with either gas-fired or electric 
heaters, and provisions can be made for electrical 
heating of the patterns. 

Figure 12 shows a single pattern automatic shell 
making machine made by Company D. This machine 
is offered in two models, one of which accommodates 
a pattern 20-in. x 20-in., and the other a 20-in. x 30-in. 
pattern. The machine has an electrically-heated oven 
and may be operated completely automatic, or each 
stage may be controlled separately by the use of push 





Fig. 13 — Another shell molding machine. 


Fig. 12 — Single pattern automatic shell molding machine. 


buttons. The machine is designed to handle a deep 
draw if necessary. 

Figure 13 shows a shell molding machine manu- 
factured by Company E. This machine can _ be 
operated as either a single or double station unit and 
can be furnished as manually operated, semi-automatic 
or fully automatic. Dump boxes and shell ejectors are 
hydraulically operated and the curing oven and 
patterns are heated electrically. The machine is de- 
signed for patterns up to 24-in x 36-in. 

Figure 14 shows a multiple-station completely auto- 
matic shell molding machine manufactured by Com- 
pany F. This machine is capable of producing up to 
240 shell molds per hour and is designed for patterns 
up to 20-in x 30-in. The indexing is accomplished by 





Fig. 14 — Multiple station automatic shell molding machine. 
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Fig. 15— Photo shows a shell molding arrangement. 


Fig. 18 — Automatic 8-station shell molding machine produc- 
ing up to 240 shells per hour. 


Fig. 16 — Shell molds being poured horizontally. 


Fig. 19 — Core setting belt conveyor and shell mold closing 
machine. 


Fig. 17 — Inexpensive method of vertical pouring. Fig. 20-— Completed shell molds on pouring conveyor. 
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Fig. 21 — Shot automatically poured around molds for vertical 
pouring. 


means of a mechanical drive. The investment and 
injector air stations are air operated. Four infra-red 
radiant heaters are provided for heating the patterns 
and for the curing ovens. 

These are only a few of the many single and multi- 
ple shell molding machines which are available to the 
Foundry Industry. Their advancements have made it 
possible for the Foundry Industry to produce quality 
castings by the shell molding method on a production 
basis. 

Installations 

Figure 15 illustrates a shell molding arrangement 
requiring a minimum of equipment, the only expense 
being the shell molding machine and the closing 
machine. The shell molds, after closing, are placed 
either on the floor for horizontal pouring, or in boxes 
with backing material for vertical pouring. 

Figure 16 shows the molds being poured horizontal 





Fig. 23— General arrangement of shell molding equipment. 
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Fig. 22— After pouring and sufficient cooling shot and 
castings are automatically dumped from the boxes. 


ly. The molds in the front are poured supported on 
a bed of sand and the shell molds in the background 
will be poured without backing material. 

Figure 17 shows an inexpensive method for vertical 
pouring. In this particular instance, shot was used as 
the backing material. 

With the knowledge and experience gained from 
the dump box and oven and semi-production arrange- 
ment, foundries have progressed to a mechanized shell 
molding installation including automatic shell mold- 
ing machines, shell closing machines, pouring con- 
veyors, complete with the necessary equipment for 
conveying and handling materials. 

Figure 18 shows the arrangement of an automatic 
8-station shell molding machine which can produce 
up to 240 shells per hour and is in operation at Com- 
pany G. These molds are automatically ejected from 
the pattern and manually placed on a conveyor for 
delivery to storage alongside a core setting belt con- 
veyor. After the cores are set, adhesive is applied to 
the edges of the shell, the top half is positioned and 











COOLING ZONE 





Fig. 24 — Layout of shell molding set up. 
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Fig. 25— Photo shows shell molding machine, core setting 
belt conveyor, shell closing machine, and a portion of storage 
conveyor. 


the shell mold placed in a closing machine as shown 
in Fig. 19. 

The completed molds are then transferred by con- 
veyor to storage or transferred directly to the pouring 
conveyor that is shown in Fig. 20. Assembled molds 
are placed in steel boxes on this pouring conveyor and 
passed through an automatic shot loading station 
where shot is automatically poured around the molds 
for vertical pouring, as shown in Fig. 21. The molds 
are then carried into the pouring area where they are 
poured continuously, and after sufficient cooling time 
the shot and castings are automatically dumped from 
the boxes as shown in Fig. 22. At this point the shot 
is separated and pneumatically moved to a storage 
tank where it is cleaned and returned to the shot load- 
ing station. Castings are transferred automatically to 
a cooling conveyor and discharged onto a shakeout. 
The castings are then delivered to the cleaning room 





Fig. 27 — Shell molds on sorting oscillator conveyor. 
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Fig. 26 — Closed shell molds on storage conveyor being 
placed on pouring conveyor. 


on a sorting belt conveyor. Figure 23 shows the 
general arrangement of this equipment. 

The authors have recently installed in their Indi- 
anapolis foundry a mechanized shell molding installa- 
tion incorporating a Company F shell molding ma- 
chine, shell closing machine, storage conveyor, and 
pouring conveyor as shown in Fig. 24. 

Figure 25 shows the shell molding machine, core 
setting belt conveyor, the shell closing machine, and 
a portion of the storage conveyor. Since we pour 
horizontally without backing material, we require for 
our work a \4-in. thick shell. Based on about a 12- 
second investment time required to form this thick- 
ness of shell, the 4-station shell molding machine pro- 
duces at the rate of 200 shell molds per hour. 

The shells are automatically ejected from the pat- 
tern at the ejector station, the drag half placed on the 
core setting belt by the machine operator, who also 
completes the closing operation on the shell closing 
machine. The core setting belt conveyor is necessary 
in our operation since some molds require as many as 
27 cores each. After the cores are set, the drag half 
is placed in the shell closing machine, resin is applied 
around the mold cavity, and the cope half is positioned 
by the shell molding machine operator. 





Fig. 28 — Pouring conveyor travelling 16 ft/min. 
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The shell closing machine consists of four pressure 
pin units mounted on a turntable and synchronized 
with the shell molding machine cycle. The closed 
shell molds are then transferred to the storage con- 
veyor and then to the pouring conveyor as shown in 
Fig. 26. If continuous melting were available, the 
shell molds could be placed directly on the pouring 
conveyor from the shell closing machine. The molds 
are then conveyed to the pouring area and after 12 
minutes cooling time are automatically dumped onto 
a sorting oscillator conveyor as shown in Fig. 27. 

Figure 28 shows the pouring conveyor which travels 
at a speed of 16 feet per minute. Pouring is done with 
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hand ladles because of the intermittent melt available 
in the authors’ shop. 
Conclusion 

With better working conditions and relatively un- 
skilled labor, the Foundry Industry can produce cast- 
ings with superior finish, closer dimensional accuracy 
and of more intricate design than has previously been 
possible. The industry by taking advantage of these 
benefits can be competitive with machining, forging 
and welding operations. 

The advancements and improvements made by the 
Foundry Industry and suppliers in shell molding 
equipment and materials have opened up an entirely 
new field to the industry. 








YOUR HIDDEN FIXED COSTS 
AND THEIR EFFECT ON PROFIT AND LOSS 


By 


M. E. Annich* 


Increased emphasis has been placed during the past 
year or two on production costs. During and after 
the war years, and throughout the Korean conflict, 
major emphasis was on production. Now, during the 
period of readjustment to a peace time economy, every 
effort is being exerted to cut costs to meet rigid com- 
petition. 

The Foundry Industry suffered more in this regard 
than industry in general. Perhaps we are suffering 
from the inroads of competing materials. Perhaps we 
are not progressive enough in all phases of our busi- 
ness, including the cutting of costs to the limit. And 
finally, perhaps we do not know enough about how 
periods of low production really affect our cost struc- 
ture, so that we can take advantage of the situation in 
setting our selling prices to compete, not only within 
the industry but also with the substitute materials of 
other industries. 

Most of the larger foundries have trained analysts 
on their industrial engineering staffs. Identification 
of hidden fixed costs as well as their graphical presen- 
tation could be done, at least on a preliminary basis, 
by the industrial engineering staff. 

This paper discusses the breakeven point for a small 
typical foundry. It shows how certain fixed costs other 
than those normally considered fixed will change this 
breakeven point, and will affect the whole cost struc- 
ture to such an extent that, if not taken into considera- 
tion, can cause the loss of valuable and much needed 
business. 

Table 1 gives us a breakdown on the theoretical cost 
figures for a small gray iron foundry with a normal 
production of 150 tons per month. 


Theoretical, Virtual and Real Costs Defined 
At this point a few definitions are in order. The 
term “theoretical”, as applying to cost figures, is used 
only as an introductory term. The term “virtual” will 
be used henceforth. The writer draws an analogy in 
this case to the terms “virtual” and “real” used in the 
science of physics as applied to the theory of mirrors 


*Director, Industrial Engineering Department, American Brake 
Shoe Co., Mahwah, N.]. 
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and lenses. A virtual image is one which can be seen 
with the eye but does not actually exist as an image 
in space, and cannot be projected on a screen or etched 
on a photographic plate. Examples of virtual images 
are mirages, and the reflections you see in a straight 
mirror. Real images, however, actually do exist in 
space, at a definite point called the focal point, and 
while they cannot be seen with the naked eye, without 
interposing a screen at that point, they are there, and 
will etch a photographic plate. Examples of real 
images are those formed on the film or plate of a 
camera, or the images thrown on a screen by any pro- 
jector. 

In this discussion then, we shall discuss “real” costs 
and “virtual” costs, and as we progress you will see 
other points where the analogy holds true. 

The “virtual” costs shown in Table 1 then, although 
they give us the real totals, are not broken down as 
they actually exist under practical operating condi- 
tions, and so give us a false picture as we will see later. 

The terms “average cost per ton” or “price per ton”, 
can be misleading where a wide variety of work is in- 


TABLE | — THEORETICAL Cost FIGURES FOR A 
SMALL GRAY IRON FOUNDRY 
(Normal Production — 150 Tons Per Month) 























Cost Per Ton Total Variable 
at Normal Cost Cost Fixed Cost 
Total Cost $300.00 $45,000.00 $34,500.00 $10,500.00 
Sales and 
Administrative Costs 20.00 3,000.00 0.00 3,000.00 
Manufacturing Costs 280.00 42,000.00 34,500.00 7,500.00 
Regular manufactur- 
ing fixed costs 50.00 7,500.00 0.00 7,500.00 
Payroll and material 
Costs 230.00 34,500.00 34,500.00 0.00 
Metal Costs 50.00 7,500.00 7,500.00 0.00 
Payroll and other 
material costs 180.00 27,000.00 27,000.00 0.00 
All other materials 80.00 12,000.00 12,000.00 0.00 
All shop payroll and 
related costs 100.00 15,000.00 15,000.00 0.00 
Normal Tons — 150 
Profit =$ 50.00 a ton — Profit at Normal =§$ 7,500.00 
Selling price = $350.00 a ton— Total Normal 
Selling Price = $52,500.00 
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volved in the same shop. But for purpose of this dis- 
cussion we will use these terms because they are more 
readily understood, and will lend simplicity to the 
discussion. 

Further, for simplicity, we must assume that “tons 
produced” are tons shipped (and paid for) , so as not 
to introduce the varying factor of “work in process”, 
which has no bearing on the vital points of this dis- 
cussion. 

Examination of the figures in Table 1 will show 
$10,500 of the total of $45,000, which are considered 
fixed costs. These are broken down into $3,000 charge- 
able to sales and administrative, and $7,500 chargeable 
to regular manufacturing fixed costs which, according 
to the accountants, consist of depreciation, salaries, 
taxes, fire insurance, etc. In most accounting termi- 
nology, these above-mentioned costs are the only ones 
which are considered fixed. 

Actually, however, there are many other costs in the 
operation of a foundry which are fixed costs within 
certain limits of the various levels of production. To 
mention a few, in labor costs certain of our indirect 
labor, cranemen, watchmen, janitors, maintenance 
men, melters, pattern repair labor, are fixed costs. 

On the material side of the picture, a few fixed 
costs are the demand charge on power consumption, 
some melting supplies, some coke, and some repair 
materials. There are probably other items which are 
fixed to an extent that cannot definitely be determined. 

Although we cannot say specifically what part of 
the above-mentioned items are fixed, we can show in 
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Fig. 1—Curve shows relationship between monthly material 
costs (Except metal) and tons of castings produced. 
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Fig. 2—Curve shows relationship between monthly payroll 
and related costs and tons of castings produced. 


total what it amounts to each month. To do this, we 
offer in evidence Figs. 1 and 2 showing, respectively, 
total material costs (except metal) for all months of 
1953 and the total payroll and related costs for the 
same period, plotted against tons produced each 
month. It will be seen from the curve in Fig. | that 
a line drawn through the points plotted indicates that 
there is a fixed material cost of $3,200 per month while 
the variable cost is $58.67 per ton. Similarly, the curve 
in Fig. 2, showing hourly payroll and related costs 
plotted against tons produced each month, indicates a 
fixed per month cost of $4,300 and a variable of $71.33 
per ton. These are “real” fixed costs in addition to the 
$10,500 which are usually called fixed costs accounting- 
wise. 

If you are interested in proving the fact that a con- 
siderable amount of your material and labor costs are 
really fixed as indicated in Figs. 1 and 2, try plotting 
them in a similar manner. 

With these new fixed cost figures then, $3,200 for 
material and $4,300 for labor, we can set up a new 
table of costs, as indicated in Table 2, thus showing 
that of the total of $45,000, $18,000 are really fixed 
costs instead of the $10,500 which we merely called 
fixed. 

With these new figures then from Tables | and 2, 
we can plot breakeven charts to show the effect of 
the different amounts of fixed costs. Figure 3 shows 
what the breakeven chart would look like from the 
figures in Table 1 where we have $10,500 fixed costs 
and a normal of 150 tons per month. Since the normal 
of 150 tons per month is set up in order to absorb the 
fixed costs of $10,500 in the cost or estimating formula, 
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Fig. 3—“Virtual” Breakeven Chart 
values in Table 1. 
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‘TABLE 2 — THEORETICAL CosT FIGURES FOR A 
SMALL GRAY IRON FOUNDRY 
(Normal Production — 150 Tons Per Month) 





Cost Per Ton Total Variable Fixed 
at Normal Cost Cost Cost 


$300.00 $45,000.00 $27,000.00 $18,000.00 





Total Cost 
Sales and 


Administrative Costs 20.00 3,000.00 


15,000.00 


3,000.00 0.00 
42,000.00 27,000.00 





Manufacturing Costs 280.00 
Regular manufactur- 
ing fixed costs 50.00 


7,500.00 0.00 7,500.00 





Payroll and 
material costs 230.00 
Metal costs 50.00 


Payroll and other 

material costs 180.00 
All other materials 

costs 80.00 


All shop and 
related costs 100.00 


34,500.00 
7,500.00 


27,000.00 7,500.00 
7,500.00 0.00 





27,000.00 19,500.00 7,500.00 


12,000.00 8,800.00 3,200.00 





15,000.00 10,700.00 4,300.00 





$10,500 
that means that = 

150 
in the cost or estimating formula to absorb the fixed 
costs. Since also a profit mark up of $50 per ton is 
applied, the total rate of absorption of the fixed costs 
is $120 per ton. Therefore, the breakeven tonnage is 
$10,500 

120 
breakeven tonnage. Also, in the costs the variables 
are broken down into metal costs at $50 per ton, other 
material costs at $80 per ton, and payroll costs at $100 
per ton, and it is seen from the chart (Fig. 3) that at 
the normal the profit of $50 per ton for a total of 
$7,500 is realized. Again the writer wishes to empha- 


= or $70.00 per ton is used 


= 87.5 tons, which we will call the “virtual” 
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size that these are “virtual” costs based on accounting 
fixed costs only. 

In Fig. 4 is shown the breakeven chart using our 
“real” fixed costs based on the breakdown in Table 2, 
with the “virtual” breakeven chart superimposed 
(dotted lines) to show the difference. In the real 
breakeven chart we see that with the added material 
and labor fixed costs of $7,500 we now have a total 
fixed cost of 18,000. 

The added $7,500, which is now in the fixed cost and 
not in the variable, actually reduces the variable by 
$7,500 

150 
tion of the fixed cost by the same amount. The differ- 
ence is that after the total fixed cost is absorbed at the 
new breakeven point this $50 a ton is then added profit 
because there is no more fixed cost to absorb, whereas 
if it were a variable it would continue as a part of the 
cost regardless of the level of production above or 
below the breakeven point. 

Our new and “real” breakeven tonnage then is 
found to be 105.9 tons (Calculation No. 1). There- 
fore, it is seen that at the “virtual” breakeven point 
of 87.5 tons, we actually lose $3,125 when we are sup- 
posed to be breaking even (Calculation No. 2), and 
at the “real” breakeven point of 105.9 tons we are 
only breaking even when we are supposed to be mak- 
ing $2,208 profit (Calculation No. 3). 

Since our cost formula and profit mark-up are set 
up to absorb all costs whether fixed or variable, and 
also make a profit of $7,500 at the 150-ton level of 
production, the sales lines on both the “virtual” and 
the “real” breakeven charts go through the same point 
at 150 tons. As can be seen from the chart (Fig. 4), 


-= $50 a ton, and increases the rate of absorp- 


Fig. 4.—“Real” Breakdown Chart based on 
values in Table 2. 
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Calculation No. 1 
Fixed cost $18,000.00 
Rate of absorption 
in cost formula is $ 70.00 (original fixed) 
+ 50.00 (transferred from variable) 


+ 50.00 (profit mark-up) 
= 170,00 





Therefore: 
$18,000.00 = 105.9 tons is the new breakeven level. of production. 
~ 170.00 
Calculation No. 2 
Virtual Real 
Fixed cost $10,500.00 
Variable 





(87.5 x $230.00) 20.125.00 (87.5 x $180.00) 15,750.00 
Total cost ~ 30,625.00 33,750.00 
Selling price 

(87.5 x $350.00) 30.625.00 30.625.00 
Loss at virtual breakeven —_—0..00 ( 3,125.00) 

Loss 
Calculation No. 3 
Virtual Real 
Fixed cost $10,500.00 $18,000.00 


Variable 


(105.9 x $230.00) 24.357.00 (105.9 x $180.00) 19.065.00 








Total cost 34,857.00 37,065.00 
Selling price 

(105.9 x $350.00) 37,065.00 37,065.00 
Virtual profit at 

real breakeven $ 2,208.00 0.00 

Calculation No. 4 
Virtual Real 

Fixed cost $10,500.00 $18,000.00 
Variable 

(120 x $230.00) 27,600.00 (120 x $180.00) 21,600.00 
Total cost ~ 38,100.00 39,600.00 
Selling price 

(120 x $350.00) 42,000.00 42,000.00 
Virtual and real profits 

at 120 ton level $ 3,900.00 $ 2,400.00 

Calculation No. 5 
Virtual Real 

Fixed cost $10,500.00 $18,000.00 
Variable 

(160 x $230.00) 36,800.00 (160 x $180.00) 28,800.00 
Total cost ~ 47,300.00 ~ 46,800.00 
Selling price 

(160 x $350.00) 56,000.00 56,000.00 
Virtual and real profits aie 

at 160 ton level $ 8,700.00 $ 9,200.00 


above this normal tonnage, we will actually make 
more profit than would normally be expected from 
our “virtual” breakeven chart. 

This, no doubt, explains in part why many com- 
panies in the just recent past, during a period of ex- 
ceptionally high production, have reaped such un- 
expectedly high profits. It is also responsible in part 
for the lower than expected profits which many com- 
panies and plants are sustaining today at lower than 
normal levels of production. 

From the actual breakeven chart we also see that 
the variable costs are as follows: metal costs remain 
the same at $50 per ton, material costs are now $58.67 
per ton because $3,200 is fixed and variable payroll 
costs are $71.33 per ton because labor fixed costs are 
$4,300. 

Now you will say, this is all fine in theory but what 
good is it. So, we will propose a little problem. If you 
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are running this foundry at 150 tons normal and busi- 
ness goes bad so that your production rate is 120 tons, 
you would expect a profit based on the “virtual” 
breakeven chart of $3,900 per month. Actually, how- 
ever, because of the extra fixed costs, based on the 
“real” breakeven chart, your profit is only $2,400 per 
month. So at the 120-ton level of production you are 
really making $1,500 a month less than you would 
expect (Calculation No. 4). 

Now, assuming that you are bidding on a job which 
will mean an added 40 tons more a month for the next 
three months and you are faced with a tough com- 
petitor who is trying to under-price you. If you can 
get this business, it will mean that you will be able to 
operate at the 160-ton level for the next three months. 
At the 160-ton level you “virtually” would make 
$8,700 profit, but according to our “real” breakeven 
chart you would actually make $9,200 profit, because 
160 tons is over the normal tonnage (Calculation No. 
5). At this level of production then you would 
actually be making $500 more a month than your 
original cost figures would seem to indicate. There- 
fore, taking into consideration the lower profit (by 
$1,500) which you are making at the 120-ton level of 
production, and the extra $500 profit which you will 
get over what you would expect, should you get the 
job and be able to produce at the 160-ton level, you 
will have $2,000 to play with in cutting your price to 
attempt to beat your competitor. This $2,000 on 40 
tons is $50 a ton or 214 cents per pound and may be 
the margin you need to get that job. 

The $50 a ton in this example is merely the differ- 
ence between the slopes of the “real” and the “virtual” 
sales lines in the breakeven charts in Fig. 4, but the 
practical example above is given to emphasize its 
impact. 

This discussion has attempted to point out how 
hidden fixed costs will affect your profit and loss pic- 
ture, and how it can be used to advantage in setting 
sales policy in a buyer’s market. 

Another angle to the subject is, how many of these 
hidden fixed costs are actually necessary? While there 
will always be some hidden fixed costs, which we will 
do well to recognize as such, at present many of these 
are due to managerial and operating inefficiencies 
which have become ingrained in our organizations 
during the past years of high production. 

We must, therefore, first convince ourselves that 
such hidden costs do exist, and to a much greater 
extent than any of us realize. This can be done by 
plotting our monthly payroll and material costs 
against production as shown in Figs. 1 and 2, and, 
secondly, having convinced ourselves of this fact, take 
every possible step to weed out the inefficiencies, and 
reduce these hidden fixed costs to the irreducible 
minimum. The industrial engineering staff can, logi- 
cally, be employed in this area so that a two-prong 
drive is developed to secure business, e.g., a realistic 
estimating and sales policy based on “real costs” and 
cost reduction through close control, and corrective 
action made possible by thorough knowledge of cost 
factors, hidden and otherwise. 











PRESSURE POURING AND GRAPHITE PERMANENT MOLDS 
USED IN PRODUCTION OF STEEL CAR WHEELS 


By 


H. H. Hursen* 


Introduction 


For over 75 years, the author’s company has been 
manufacturing chilled-iron freight car wheels. During 
this period, over 48 million wheels have been pro- 
duced for railroads throughout the world. During 
this time a constant study has been made in produc- 
tion methods to improve the quality of car wheels. 

A railroad car wheel, of necessity, must be of excel- 
lent quality. It is subjected to more physical abuse 
than any other component of a freight car. In its 
primary function as a load carrier, it is continually 
subjected to enormous repetitive stresses at all speeds. 
The wheel must also withstand extremely high in- 
ternal stresses developed when the tread is heated by 
friction accompanying brakeshoe application when a 
train is stopped. 

With the advent of the high-powered diesel loco- 
motive, a new concept of freight service has evolved. 
The cars are now larger and carry greatly increased 
loads at speeds which were inconceivable a few years 
ago. Consequently the abuses which wheels were for- 
merly required to absorb have been increased con- 
siderably. To meet this new challenge, the author's 
company developed a new steel car wheel. The unique 
method of producing this wheel, which involves the 
use of air pressure pouring and graphite permanent 
molds, will be described in this paper. 


Ten Years of Research on Project 

Our present phase of research extends over the 
last ten years. Five different methods of making an 
improved car wheel were investigated and discarded 
as unsatisfactory. The American Steel Foundries, the 
writer’s parent company, had previously produced a 
conventionally sand cast steel wheel which was satis- 
factory from the standpoint of serviceability but was 
abandoned for economic reasons. Because of surface 
defects encountered in sand casting of steel, correc- 
tive and cleaning costs were prohibitive. 

In view of this, it was reasoned that if a permanent 
mold process, which would eliminate the use of sand 
and its inherent cleaning problems, could be utilized, 
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a possibility of economically producing a sound wheel 
existed. From this came the development of the graph- 
ite mold _ process. 


Use of Graphite Molds 

Graphite lends itself admirably as a permanent 
mold material for steel castings because: 

1. It cannot be heated to the fusion point by the 
extremely high pouring temperature required for 
steel castings. Consequently, the casting never sticks 
to the mold and a perfect surface is obtained. 

2. It is one of the few materials which has suffi- 
cient thermal shock resistance to withstand the high 
temperature of molten steel without cracking. 

3. Its low coefficient of expansion and ability to 
resist distortion when subjected to extreme thermal 
gradients, insures that each successive casting pro- 
duced from the same mold will be exactly the same 
relative to contour and dimensions. 

4. It is readily machined and in the event that the 
mold surface is physically damaged, it can be easily 
and quickly restored to a perfect contour by a simple 
re-machining operation. 

On the debit side, however, it should be noted that 
graphite is a relatively weak and soft material and 
consequently is susceptible to physical or mechanical 
abuse. The problems presented by this shortcoming 
were readily solved by the proper design of mold 
handling equipment and adequate personnel training. 

The first graphite blocks produced for this project 
were 42 in. in diameter and 15 in. thick. They were 
the largest ever made. 

In our initial attempts to pour steel into a graphite 
mold, conventional gravity pouring from a bottom- 
pour ladle was tried. It was quickly learned that this 
practice would not be acceptable. This was because 
graphite possessed one very undesirable characteristic 
which precluded the possibility of introducing the 
molten metal through a conventional pouring basin 
in the top of the mold. 

The problem that developed was one of mold ero- 
sion. The long drop from the ladle to the mold 
cavity, caused the metal to splash and impinge on the 
graphite. Large areas of the mold surface were washed 
away with the result that the surface was unfit for 
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Fig. 1 (Lett) — Lowering ladle 
into pressure tank. 


Fig. 2 (Right) — Immersion 
thermocouple in molten steel. 





Fig. 4 (Right) — Tank cover 
showing top of pouring tube 
and mold seat. 












2 SCHEMa«™.C ARRANGEMENT OF 
PRESSIRE PouRING IN 
GRAPHITE MouLo 


Fig. 3 — Lowering cover with attached pouring tube into ladle 
of steel. 
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Fig. 6 — Schematic arrangement of complete 
pressure pouring equipment. 











Fig. 5— Mold in pouring position on pouring tube. 
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further use. Also, because of the high conductivity of 
the graphite mold, the severe splashing which accom- 
panied gravity pouring consistently caused numerous 
surface defects on the casting, such as imbedded cold 
shots, laps, scabs and wrinkles. 

From these experiences it was realized that if graph- 
ite molds were to be successfully used, a method of 
controlled pouring would have to be devised. It was 
to comply with these requirements that the currently 
used pressure pouring process was conceived and per- 
fected. 

Use of Pressure Pouring 


In principle, pressure pouring is merely forcing 
molten metal up through a refractory tube and into 
the bottom of a permanent mold cavity by means of 
compressed air. The height to which the metal may 
be raised is dependent only upon the maximum air 
pressure applied. Each increase of | Ib in air pressure 
will lift the molten steel approximately 314 in. The 
rate of pouring is determined simultaneously by the 
rate of air pressure increase and the inside diameter 
of the pouring tube. 

In practice, the process consists of tapping 18,000 
Ib of 0.75 per cent carbon steel into a ladle. Because 
no stopper seat or pouring lip is required, the con- 
struction of the ladle is simple. It is a closed bottom 
steel cylinder lined with conventional ladle lining 
brick. 

At the completion of the tap, to insure the cleanest 
possible steel, the ladle is transferred to a slag pot 
where the slag is skimmed off. After slagging is com- 
plete the ladle is transferred and lowered into a 
heavy-walled steel pressure tank imbedded in concrete 
in the foundry floor (Fig. 1). The temperature of the 
steel is then determined with a Pt, Pt-Rh immersion 
thermocouple. Figure 2 shows the thermocouple im- 
mersed in the steel. Experience indicates that opti- 
mum pouring results are obtained when the metal 
temperature is within the range of 2920 to 2970 F. If 
the temperature is much above this range, the mold 
may suffer damage, and if it is much lower, poor 
casting surfaces may result. 

When the correct temperature is indicated, a heavy 
steel cover with a refractory pouring tube attached to 
and protruding down from its center is placed over 
the tank with the tube submerged in the molten 
metal. Figure 3 shows pouring tube just prior to im- 
mersion into ladle. 

The cover is held tightly in place by a number of 
hydraulic clamps. A rubber gasket between the cover 
and tank seals off any air leaks which otherwise might 
exist. 

The hydraulic clamp system of securing the cover 
to the tank is necessary because of the large surface 
area of the cover. At times during the pouring pro- 
cess, air pressure up to 22 psi is applied to the tank. 
Under these conditions as much as 80 tons pressure 
is forced against the underside of the cover. 

With the cover in position the pouring tube reaches 
within 2 in. of the bottom of the ladle. 

After the cover is tightly clamped in place, a closed 
mold is mechanically placed on top of the pouring 
tube where the latter protrudes up slightly from the 
center of the cover. Figure 4 shows the top of the tube 
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and the mold seat protruding from the cover and in 
Fig. 5 the mold is shown in place on the tube. Next 
by means of .a push button control, the mold is 
clamped down tightly in place by two heavy rods 
which are actuated by two 8-in. air pistons. These 
hold-down rods serve two purposes. They hold the 
mold firmly seated on top of the pouring tube and 
also keep the mold halves tightly closed. This pre- 
vents ferrostatic pressure from lifting the cope and 
allowing a runout at the parting line to occur before 
the metal has solidified. The complete setup in 
schematic form is illustrated in Fig. 6. 

After the hold-down rods are firmly in place on 
top of the cope, the actual pouring is started by flip- 
ping open a quick acting valve located in the air 
line to the pressure tank. As the air pressure grad- 
ually increases in the tank, the steel gently flows up 
the tube and into the mold. The pouring rate, which 
has been determined by experiment, is constant and 
exactly as required. The rate of flow is under control 
at all times and never varies as it does in the case of 
bottom-pour ladles where the pouring rate varies 
with the head, or the amount of metal in the ladle. 

The metal does not gush or splash in a manner 
which would cause mold erosion, but flows quietly 
and quickly into the mold at a sufficiently rapid rate 
to produce a casting of excellent finish and com- 
pletely void of surface defects. 

The pouring rate determined to be satisfactory for 
wheel pouring is approximately 150 Ib per second 
or an air pressure increase of 14 lb per second. 

Requisites of a Satisfactory Pouring Tube 


The design and construction of a satisfactory pour- 
ing tube was one of the most crucial phases en- 
countered in the development of the pressure pouring 
process. 

The requisites of a satisfactory pouring tube are as 
follows: 

1. It must be highly refractory to resist softening 
when submerged in 2950 F molten metal. 

2. It must resist the extreme thermal shock which 
occurs when suddenly submerged in the hot steel. 

3. It must be air tight. If it is not, the compressed 
air above the metal line in the ladle will seep through 
the tube and cause a regular bessemer blow in the 
tube and mold and result in a defective casting. 

Despite the vast amount of research expended on 
the development of the presently used tube, its per- 
formance is not entirely satisfactory. However, the 
solution of the problem is now in sight. 

Obviously, after the mold is full, some means must 
be available to keep it full and prevent the metal 
from draining back into the tube when the air pres- 
sure is exhausted from the tank. This is accomplished 
by the use of a stopper similar to that used in a 
bottom-pour ladle. The stopper consists of a graphite 
plug fastened to the end of a 27-in. long piece of 
34-in. steel pipe. In use, the stopper is positioned in 
the cope so that it hangs just 2 in. above the stopper 
seat in the drag with the upper portion of the pipe 
extending up several inches above the top of the cope. 

In actual practice after the air has been turned on, 
the operator observes one of the riser holes in the 
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Fig. 7— Filled and empty molds just prior to lifting and Fig. 8 — Filled mold on conveyor and next empty mold in 


moving operation. 


Fig. 9 (Lett) — Cope lifted ex- 
posing wheel remaining on drag. 


Fig. 10 (Right) Wheel litted from 
drag by overhead conveyor. 


Fig. 12 (Right) — 

Hub cutter with 

protection housing 
removed. 


Fig. 11 — Wheel entering insulated tunnel. 


pouring position on tube. 
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Fig. 13 (Lett) — Lowering 
core forms into riser holes 
in cope. 


Fig. 14 (Right) — Pouring 
phenolic-bonded core sand 
around riser forms. 


Fig. 15 (Lett) — Finished 
cope with stopper set in 
place. 


Fig. 16 (Right) — Finished 
Drags on conveyor cars 
moving to close down area. 


Fig. 17 (Lett) — Closing a 
graphite mold. 


Fig. 18 (Right) — Group of 

closed molds on conveyor 

traveling to pouring mach- 
ine. 
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top of cope and when the metal reaches the proper 
height he pushes a button. From this point, the re- 
mainder of the process progresses automatically until 
the next mold is ready for pouring. 

When the button is pushed after the mold is full, 
an air-actuated plunger contacts the top of the stopper 
pipe and seats the stopper. Immediately after this the 
air valve is auomatically closed and the tank is ex- 
hausted. This allows the metal in the pouring tube 
to drain back into the ladle. Three seconds later an 
automatic timer causes the stopper plunger to re- 
tract, and 18 seconds after the button was pushed, the 
hold-down rods retract automatically. Simultaneously 
with this operation, the mold is automatically lifted 
off the pouring tube and removed to a conveyor 
while at the same time an empty mold is moved into 
the pouring position on the pouring tube and the 
process is ready for the next pour. Thus, the pouring 
is continued automatically until 20 wheels have been 
cast. 

Figure 7 shows the full and empty molds just prior 
to the lifting and moving operation. Figure 8 shows 
the completion of this operation with the filled mold 
on the conveyor and the next empty mold in the 
pouring position on the tube. After this the cover is 
removed from the tank and the small quantity of 
steel remaining in the ladle is returned to the arc 
furnace which is already in the process of melting 
metal for the next pour. 


Shakeout of the Mold 


Because of the high conductivity of a graphite 
mold, solidification occurs with astounding rapidity. 
In only five minutes the 700-lb casting is completely 
solidified and ready for removal from the mold. At 
this time, however, the rim riser sprues, because they 
repose in a small quantity of sand are still in a pasty 
state. Consequently when the cope is lifted five min- 
utes after pouring, the 114-in. risers remain in the 
cope (Fig. 9). 

The three riser holes in the graphite cope are lined 
with 1% in. of core sand for the purpose of insulating 
the riser metal. The metal remains liquid long enough 
to insure proper feeding while the casting is rapidly 
solidifying in the graphite mold. After the cope is 
removed, the wheel with the stopper pipe protruding 
up out of the center of the hub riser, reposes on the 
drag until the conveyor moves to the next station one 
minute later. When in this position (Fig. 10), a spe- 
cially designed overhead conveyor grips the stopper 
pipe, lifts the wheel out of the drag and transfers it 
to a monorail conveyor-type insulated tunnel. The 
tunnel keeps the wheel from cooling too rapidly 
while transferring it to another part of the shop for 
further processing. Figure 11 shows a wheel entering 
the tunnel. 

The remainder of the process consists of removing 


the riser sprue stubs with a scarfing torch and cutting 
out the hub bore hole with a specially designed hub 
cutting oxy-acetylene torch machine. The oxy-acety- 
lene hub cutting operation is novel in that the hollow 
stopper pipe, which remains in the solid hub after 
the wheel is cast, is used as a pilot hole for starting 
the cut. This eliminates the need for a costly oxy- 
acetylene lancing operation prior to the actual hub 
cutting. A hub cutter, with protection housing re- 
moved, is shown in Fig. 12. 

After this follows a normalizing heat treatment at 
1550 F to complete the job of producing the wheel. 
With the exception of machining the hub bore for 
axle mounting purpose, the casting is ready for ship- 
ment. No cleaning or other machining is required. 
However, for the sake of appearance, the wheels were 
shot blasted. 

Although the principal object in the development 
of this process was the complete elimination of the 
use of molding sand, it was not entirely possible to 
accomplish this. A small amount of sand is still re- 
quired as a lining for the riser holes and the Wash- 
burn core type knock-off pad at the bottom of the 
riser. Here again, however, a new method of placing 
this sand in the mold has been devised wherein 
advantage has been taken of the characteristics of 
phenolic bonding of core sand. 

While the cope is still hot from the previous pour 
(approximately 600 F) and after the riser holes have 
been cleaned of old sand, it is placed on an electric- 
ally-heated plate which is machined to the cope con- 
tour. Riser forms are lowered into the holes (Fig. 13) 
and a mixture of 98 per cent pure silica sand and 
2 per cent phenolic binder is poured around the 
forms as shown in Fig. 14. Within approximately two 
or three minutes, the core sand mixture is properly 
baked from the heat of the hot plate on the bottom 
and the residual heat from the mold on the sides. 
After this period, the forms are withdrawn and the 
cope is removed. While still warm, it is sprayed with 
a thin coating of silica base wash. The cope is then 
rolled down a gravity conveyor to the close down 
area where, after the stopper is set (Fig. 15), it is 
placed on a previously prepared drag. 

Preparation of the drags involves wiping them 
clean, repairing any defects in the stopper seat and 
spraying while still warm. They are then replaced on 
the conveyor, as shown in Fig. 16, and transferred to 
the close down area where the copes are applied. 
Figure 17 illustrates the simple mold closing operation 
and Fig. 18, the completed molds on the conveyor 
traveling to the pouring machine. 

To the best of our knowledge, this method of 
utilizing compressed air to cast steel railroad car 
wheels in graphite permanent molds is completely 
new and all phases of the process have been covered 
by patents. 








COREROOM PRACTICE PITFALLS 


By 


R. H. Greenlee* 


Many foundries operate corerooms without full 
realization of the importance of this department to 
economical production of quality castings. 

Frequently, cost involved in production of cores 
is either partly overlooked or not fully realized. ‘Too 
often, insufficient thought and effort is expended 
on development of a practical and economical core 
sand mixture to produce a core which in turn will 
produce a quality casting relatively free of casting 
defects attributable to the core. Many times this is 
a result of not fully understanding the basic physical 
characteristics a core must have to perform its func- 
tion. Even when once understood, frequently, too 
little thought is given to the cost of the raw mate- 
terials used in a core. The author hopes to show 
that core costs can generally be reduced in most 
corerooms and a more satisfactory core will be the 
direct result. 


What We Require From a Core 

Perhaps unknowingly we expect a great deal from 
a core. After mixing binders and water with sand 
we either blow or ram the sand in a corebox and 
fully expect the resulting core to have sufficient 
green strength to retain its shape after having been 
drawn from the corebox. The green core must also 
retain its original shape when subjected to handling 
prior to baking. Next we subject the core to the 
baking process. Here, for a given length of time, 
water is evaporated from the core and the oil in 
the core is oxidized in an oven atmosphere at a 
temperature of 400-500 F. When thoroughly baked 
and cooled, the core must have acquired sufficient 
baked strength to withstand handling and_process- 
ing prior to reaching the foundry. 

When the core is placed in the mold it is sub- 
jected to extreme temperature differentials from room 
temperature to the temperature of molten metal. 
The core must hold its shape during pouring. It 
must show no tendency toward washing, metal pene- 
tration, or be the cause of excessive gas resulting 
in blows in the casting. We also expect the core to 
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have enough hot strength to retain its shape during 
solidification of the metal, yet the hot strength must 
be such as not to cause undue strain on the casting 
resulting in hot tearing. Finally, after having served 
its purpose the core is expected to collapse at the 
shakeout and become foundry molding sand. Cer- 
tainly, this is asking a lot of any core. 

In order for a core to have the above physical 
properties (green strength, hot strength, baked 
strength, and collapsibility) close control of these 
properties must be maintained. This can be done 
only with the aid of qualified supervision and proper 
control of those materials used in the core sand mix- 
tures. Above all, raw materials must be uniform in 
quality. They must consistently impart the same physi- 
cal properties to a given core sand mixture. It is 
here that supervision has a definite and important 
responsibility to management when determining raw 
material sources. 

They must establish dependable sources and pro- 
duce a product consistently uniform in quality with 
delivery guaranteed at a competitive price. When 
raw material sources have been established super- 
vision must establish correct and uniform core sand 
mixtures from which to produce cores of desired 
uniform physical properties. If this end is to be at- 
tained supervision must insist on correct minimum 
weights or volumes of all raw materials used to pro- 
duce a given core sand mixture. Supervision must 
know the weight of the base sand being used, the 
amount of cereal necessary for proper green strength. 
Supervision must know the proper volume of water 
necessary for proper activation of the cereal, the 
amount of oil necessary for correct baked and hot 
strength as well as for proper collapsibility. 

Supervision must establish the proper mulling cy- 
cle to develop maximum physical characteristics of 
the core sand. As can readily be seen once a proper 
core is developed and proven satisfactory, uniformity 
and ability to reproduce the same mixture is of 
primary importance. Once a given core sand mixture 
is established no change should be made in this mix- 
ture without approval of all concerned. 

Many instances may be cited where a particular 
casting which has been produced successfully in the 
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foundry over a period of time suddenly becomes a 
constant source of scrap. Frequently, it is found that 
the increase in scrap is due to the core. The core 
may have become too soft resulting in the gates 
washing or a general condition of washing causing 
excessive metal on the cored surface of the casting. 
The casting may show evidence of hot tearing due 
to poor collapsibility of the core during solidification 
of the molten metal. 

Again, the scrap increase may be the result of ex- 
cessive gas causing gas holes in the casting. This gas 
may be the result of increased gas within the core. 


Close Coreroom Supervision Required 

The cause of the above sources of scrap may be 
coreroom supervision who, without consideration for 
the foundry or not realizing the effect on core char- 
acteristics, have changed core sand mixtures to over- 
come a particular problem in their department. Per- 
haps increased oven capacity was required to meet 
production commitments and it appeared expedient 
to shorten the baking cycles by reducing the oil 
content of the core sand mixture, not realizing that 
a softer core would cause foundry scrap. 

Oil may have been added to the core sand mix- 
ture to overcome a handling problem in the core- 
room. The increase in oil may have produced a core 
with collapsibility decreased to the point where hot 
tearing was produced in the casting or gas content 
increased resulting in gas holes. 

The cereal in the core mixture may have been 
increased to produce a core with greater green 
strength allowing the core prior to baking to be 
handled with less care and also to be less prone to 
sagging. 

Again, it must be emphasized that no change in 
an established core sand mixture (one proven to be 
successful) should be allowed without complete 
knowledge of the effect of the change on the casting. 

Coreroom supervision should realize that the cores 
they are producing have absolutely no material value 
and by themselves are worthless until they are used 
to produce a casting. It is the casting not the cores 
which is the end product. Realizing this, supervision 
would be more careful in making changes in the 
core sand mixtures which would affect the charac- 
teristics of the core which in turn would affect the 
quality of the casting. 


Factors in Developing a Core Sand Mixture 

Considerable thought and effort must be given to 
the establishment of a new core sand mixture if 
cores are to be made which will produce quality 
castings. Coreroom supervision must have complete 
knowledge of the function of any core in relation to 
the casting, before an intelligent approach can be 
made toward development of a practical and eco- 
nomical core sand mixture. Before a complete and 
intelligent evaluation can be made, the following 
points must be carefully considered: 

1. Will the position of the core in the mold be 
such as to promote washing? If so, oil ratios must be 
evaluated carefully. 

2. Must the core have exceptionally good collap- 
sibility due to variation in casting wall thickness? 
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it may be necessary to sacrifice casting smoothness 
on the cored surface to prevent hot tearing of the 
casting. Here again cereal and oil ratios must be 
evaluated carefully. 

3. What finish is required of the cored surface? 
The smoothness required of the cored surface will 
partly determine the fineness of the base sand used 
to make the core. 

4. What function does the core serve in the mold? 
Is it to be used as a ram-up core?; as a ring core 
to position or time another core?; or perhaps as a 
gate or skimmer core? 

Knowing the correct answers to the above ques- 
tions will aid coreroom supervision in making an 
intelligent approach in developing new core sand 
mixtures. A good, practical and economical core will 
be the result. 

Development of an economical core sand mixture 
requires considerable effort on the part of coreroom 
supervision. It is not as easily accomplished as might 
be expected. An economical core sand mixture is 
frequently one requiring careful handling of the core. 
How convenient it becomes to increase the cereal 
content of the core sand rather than insisting that 
coremakers handle coreboxes carefully or that cores 
be carefully transported to the baking ovens. Per- 
haps the oil content of a core sand is increased only 
to make handling of the baked core less of a prob- 
lem. In either case not only has the cost of the core 
been increased, but supervision has shown a laxity 
in their department by not insisting that personnel 
do their jobs correctly. 

Neither have they considered the effect of the in- 
creased raw materials in the core on the casting to 
be made from these cores. They have not considered 
that the gas content within the core may have been 
raised to a point where the castings may be sus- 
ceptible to blows or that the core hardness may have 
been increased to where the casting may begin to 
hot tear. 


A Consideration of Core Sand Additives 

The most practical and economical approach to 
development of any core sand mixture would be to 
consider that any material, other than sand, added 
to the mixture will serve only as a detriment to pro- 
ducing quality castings. With this thought in view, 
and keeping in mind that the general purpose of 
most cores is to produce a cavity in a casting, the 
proper approach would be to add only that amount 
of material which would gain this end and at the 
same time produce a casting free of any defects at- 
tributable to the core. 

If it were not necessary for a green core to have 
green strength to prevent sagging prior to baking, 
cereal or any other green binder would not be nec- 
essary. Therefore, the minimum amount of these ma- 
terials should be incorporated in any core sand mix- 
ture. The same reasoning applies to core oil. Only 
that amount of oil should be added to prevent wash- 
ing of the core as the core comes in contact with 
molten metal. Additional oil not only increases the 
cost of the casting, but what is more important, ex- 
cessive oil in a core promotes foundry problems such 
as hot tears or blows. Lean oil ratios of 1 part oil 
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to 250 parts of sand (although uncommon) are in 
many cases certainly practical. 

As an example Fig. 1 represents such a ratio of 
oil in a body core used to produce a 50-lb malleable 
casting. 

The sand mixture used to produce the core shown 
in Fig. 1 is as follows: - 











Quantity % by weight 
Lake Sand 500 Ib 98.6 
Cereal 5 Ib . 
Oil 2 Ib (1 quart) 0.4 
Water 111% Ib (51% quarts) 2.2 


ve 
~I 
or 


Fig. 1— Photo of 50-Ib mal- 

leable iron casting and body 

core used in production of the 
casting. 


The sand mixture used to produce the core shown 
in Fig. 2 is as follows: 








Although the pouring temperature of the metal 
is 2750 F there is no tendency for this casting (Fig. 1) 
to show evidence of metal penetration at the cored 
surface. 

Collapsibility of the core is exceptionally good and 
there is no evidence of hot tearing or excessive core 
gas. The core is soft and as a result must be han- 
dled carefully from the time it is produced until it 
is placed in the mold. It does, however, satisfactorily 
serve its purpose of producing a quality casting with 
minimum scrap due to the core. 

Another example of lean oil ratios is shown in 
Fig. 2. The core shown in Fig. 2 has an oil-to-sand 
ratio of 1 to 500. 


Fig. 2— Photo of casting and 
body core used in production 
of the casting. 





Quantity % by weight 
Lake Sand 500 Ib 98.8 
Cereal 5 Ib l. 
Oil 1 Ib (1 pint) 0.2 
Water 101% lb (5 quarts) 2.0 





As can be recognized, the casting shown in Fig. 2 
is susceptible to hot tearing in the thinner sections. 
The body core shown has good collapsibility and 
eliminates any tendency to hot tearing without the 
addition of cracking strips. There is a slight sacrifice 
in cored surface finish, but taking all factors into 
consideration, it is felt that it is more important 
to produce a metallurgically sound casting. 


Selection of Raw Materials 


Physical properties of a core are imparted by the 
components of the core sand mixture. Therefore, 
selection of the raw materials is very important. 

Selection of a proper base sand frequently presents 
a problem. Without going into detail on sand char- 
acteristics and the effect of these characteristics on 
physical properties of the core, it may generally be 
said that satisfactory sands for making cores should 
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have rounded grains. They should be comparatively 
free from clay. Clay, when present in core sand mix- 
tures, requires additional oil to maintain a given 
baked strength standard; permeability of the core 
will be lowered; and gas content will be raised. Sur- 
face finish required on the cored surface will deter- 
mine the fineness or coarseness of the sand used. 


It should be pointed out that less foundry trouble 
will be experienced when using coarser core sands. 
Cores made with coarser sands will require less oil, 
will bake out more rapidly, and will have better 
collapsibility. Select that sand having the largest 
grain size which will produce a satisfactory finish 
on the casting. 

Selection of a good core oil should be carefully 
considered. Foundries are dependent on core oil sup- 
pliers to furnish a uniform product. It is impossible 
for the average foundry laboratory to make a correct 
chemical analysis of a sample of today’s core oils. 
However, there are certain basic physical properties, 
such as baked strength, baking time, gas content, etc. 
which core oils impart to core sands and can be 
determined. These tests should be made periodically 
to insure a uniform product. The characteristics of 
a given binder, such as the ability to absorb water 
as well as the dextrine content, should be noted 
carefully. Cereals containing higher percentage of 
dextrine produce harder cores with good collaps- 
ibility. 

It cannot be stressed too emphatically that the es- 
tablishment of reliable sources for raw materials is 
essential if a quality product is to be made 
consistently. 

Core Scrap Control 

Many coreroom departments do not have a well 
planned and properly executed core scrap program 
aimed toward reduction of core scrap. This is es- 
sential if efficiency is to be increased and costs low- 
ered. Any program, whether on a large or small 
scale, will definitely be an aid to more efficient 
operation. 

The beginning of any program such as this must 
necessarily begin in the core sand mixing depart- 
ment. If we are to make good cores with minimum 
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scrap we must be certain that all required core sand 
mixtures meet specific requirements. There is only 
one approach to insure positive control and that is es- 
tablishment of a sand testing program. A good sand 
testing control program will not only aid in reducing 
scrap cores, but will also help in producing a quality 
casting by maintaining uniform core properties. Oth- 
er factors which must be watched and controlled are 
proper venting of coreboxes, keeping vents clean, 
carelessness on part of coremakers, core baking time, 
etc. 

One approach to reducing coremaker scrap, and 
other sources of scrap such as over-baked cores, etc. 
is to develop a scrap chart of all cores made each 
day. With such a chart, coreroom supervision will 
be in a better position to take specific action on 
specific jobs and will definitely know from day to 
day how much improvement is being made to re- 
duce core scrap. 

Conclusion 

The following points should be carefully consid- 
ered if coreroom departments are to operate effi- 
ciently: 

1. More thought and effort must be given to pro- 
ducing a quality casting so far as the core is con- 
cerned, rather than producing a core to overcome 
certain coreroom problems. 

2. Dependable sources of quality raw materials 
must be established. 

3. Correct core sand mixtures, containing mini- 
mum amounts of raw materials, should be deter- 
mined and maintained at all times. 

4. Coreroom supervision should constantly be 
aware of raw material cost. 

5. Coreroom supervision should carefully evaluate 
any new core sand mixture as to its purpose and 
effect on a casting, keeping in mind that the end 
product is the casting and not the core. 

6. Laboratory control of core sand mixtures, when 
once established, should be a part of any coreroom 
plan to efficient operation. 

7. A good core scrap program should be instituted 
on a daily basis. 
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GYPSUM CEMENT MOLDS FOR PLASTIC PATTERNS 


By 


M. K. Young* 


Introduction 

Casting and laminating resins opened a new field 
for patternmakers. Utilization of casting and laminat- 
ing resins for production patterns and matchplates 
offer advantages not duplicated with wood or metal 
alloys. In the Detroit area the number of pattern 
shops utilizing plastics has increased from 20 in 1953 
to 215 in 1955. Many pattern shops are now fab- 
ricating plastic patterns with accuracy in less time 
and at lower cost than previously possible by or- 
dinary techniques. Use of gypsum cement as a mold 
medium to shape the plastics has been instrumental 
in bringing about the acceptance of plastics for pat- 
ternmaking. 

Fabrication of plastic matchplates and core boxes 
presents some of the problems that are experienced 
when casting and molding materials are used. In 
the foundry, the metal casting is only as accurate as 
the mold in which it was cast. By the same token, 
plastic matchplates are only as accurate as the molds 
in which the resin was poured. 

The purpose of this paper is to present several 
quick, accurate, inexpensive gypsum cement mold 
making techniques. The recommendations and illus- 
trations represent production methods used by many 
pattern shops. 


Mold Material Requirements 

The four basic requirements of a satisfactory mold 
medium are economy, accuracy, dimensional stabil- 
ity, and adaptability. 

Obviously, molds made from wood or metal would 
be too costly. To obtain fine detail and extreme 
accuracy, it would necessitate hand finishing or ma- 
chining. Once completed, mahogany molds are apt 
to warp and distort from the heat of the oven during 
the cure or hardening of the plastic. 

To experience advantages derived from the use 
of plastics, the mold medium must meet the four 
basic requirements. Because of ease with which gyp- 
sum plasters can be applied many pattern shops are 
using these materials for this exacting work. 
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Mold making with gypsum cements may be classi- 
fied into two basic methods. These are pouring and 
splash casting. When these methods are combined, 
they offer advantages such as: 

1. Economy — Mold making with gypsum cement 
is characterized by a substantial saving in time be- 
cause of its simplicity. Savings in time from 30 to 
75 per cent over traditional methods are usually ex- 
perienced. 

2. Accuracy — Molds can be made to extremely 
close tolerances for precise patternmaking and _ tool- 
ing. 

3. Dimensional Stability — Gypsum cement molds 
are unaffected by normal changes in temperature 
and humidity, and therefore, will not shrink or warp. 

4. Adaptability Gypsum cements are adaptable 
to complex contours and irregular shapes. 


Mold Materials 


There are two types of plasters or gypsum cements 
used by the patternmaker. These materials are known 
to the trade as soft and hard plasters. 

The soft plaster, as the name implies, is not very 
strong. It requires a large quantity of water for mix- 
ing and expands considerably. It is referred to as 
a molding or dental plaster. This type of plaster 
is not dimensionally stable because of the high wa- 
ter requirement. Moreover, it has a compressive 
strength of only 1500 to 1800 psi, and expands 1%» 
in. per foot upon setting. If this expansion is con- 
fined in any way, the mold will warp or distort. A 
mold 4, 5, 6, or 8 ft long will not only be over- 
size, but it is apt to warp if not permitted to expand 
freely. 

When the finished plastic laminate or plastic cast- 
ing is removed from a mold made of the soft plas- 
ters, it will require hand reworking or “spotting in” 
to get the plastic pattern to dimensions. Unfortu- 
nately, many firms do not know of the expansion 
characteristics and low strength of the soft plasters. 
Consequently, they are experiencing inaccuracy and 
high costs because of the hand work involved to 
meet the tolerances specified on the blueprint. 

The most successful makers of plastic matchplates 
and patterns use the hard plasters. These plasters 
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Fig. 1— The first step is to determine 
the proper parting line. A sample piece 
pattern is placed on a level surface. 
Modeling clay and gypsum cement are 
used to establish the parting line around 
the master pattern. This is similar to 
usual foundry technique, and is neces- 
sary to prevent undercuts. 





Fig. 4— Parting compound is brushed 
on the pattern surface. The top is 
poured to complete the two-part mold. 
When the mold is separated, the holes 
previously carved produce matching lugs 
or locators. Since the blueprint specified 
a two pattern matchplate, a duplicate 
set of molds is cast in the same manner. 
This results in two complete molds or 
four mold halves. 





Fig. 7 — With the bottom of the mold 

completed, the two original top sections 

are positioned by means of locators or 

lugs. These were cast in the mold halves 
as previously described. 
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Fig. 2— Small molds (2-3 in. thick) are 
usually cast solid. A wood frame is first 
constructed around the model and then 
the entire pattern surtace is given a coat 
of parting compound. A mix of fluid 
gypsum cement is poured slowly at one 
of the corners, so as to flow across the 
model. This technique prevents entrap- 
ment of air, and keeps small voids or 
holes off the mold surface. Never pour 
directly on the model, as the turbulence 
of the plaster will cause air bubbles or 
voids on the surface of the mold. Vi- 
brating the work bench while pouring 
is recommended to insure f.ne detail. 








Fig. 5— The two bottom mold halves 

are located face down on a surface plate 

and an aluminum frame _ positioned 

around them. Another mix of gypsum 

cement is poured to fasten these two 

pieces together. This forms one com- 
plete mold section. 





Fig. 8— Another matching aluminum 
frame is placed on the first one and 
clamped in place with C-clamps. Then, 
a new mix of gypsum cement is used to 
fasten the top halves together. 





Fig. 3 — After 20 to 25 min, when the 
Sypsum cement has hardened, the mold 
is removed. Here is a reverse reproduc- 
tion of one-half the original pattern. It 
is then removed from the original clay 
parting line set-up and replaced in the 
mold cavity. Several round holes with 
proper draft are carved on each corner 
of the mold which will serve as locators 
for the two mold halves. 





Fig. 6 — When this pour of gypsum ce- 

ment has set, the seams or excess are 

removed as shown here; the surface is 

prepared with a parting compound for 
the next pouring operation. 





Fig. 9— When the final mix has set, 
the top half is removed for inspection. 
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Fig. 10— The mold is dried in an air 

circulating oven at 125 F for 12 to 24 

hr. The heavier the mold section, the 

longer it must be dried. A moisture 

meter is used to determine whether the 

mold is dry enough for pouring of the 
plastic. 





Fig. 13 — After the frame has been po- 

sitioned, the mold halves are closed. The 

next step is to prepare the plastic for 
pouring. 








Fig. 16— An alternate method is the 
use of a pinch bar as shown here. Ob- 
serve that four guide pins provide the 
required alignment when the mold is 


separated by this technique. Uniform 

wedge pressure must be applied on each 

side to prevent chipping or breaking of 
the mold or the plastic. 
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Fig. 17 — Completed plastic matchplate. 
The mold is intact and ready for another 
casting, except for resurfacing two cor- 
ners, where the sealant has peeled off. 





Fig. 11 — After drying, each half of the 
mold is sprayed with a lacquer-type 
sealant which provides an acid-proof 
film and prevents the liquid plastic from 
penetrating into the gypsum mold. The 
sealant also protects the mold so that it 
can be used again if necessary. After 
two or three coats of acid-resisting lac- 
quer, liquid wax is brushed on. 





Fig. 14— Because the viscous syrupy 
plastic readily entraps air when poured 
into a closed mold, a special pouring 
technique is recommended. Air pressure 
is applied to the top of the pressure- 
tight resin container. The pressure forces 
the plastic through a hose into the bot- 
tom of the mold. As the liquid resin 
flows down from the container and up- 
ward into the mold, it pushes air out 
ahead of it. The patternmaker observes 
the flow of the plastic through a riser 
on the opposite side of the pouring gate. 
After filling, the pouring gate valve is 
turned off, the hose is disconnected and 
cleaned. The plastic in the mold is per- 
mitted to gel or harden for several hours. 
Then the mold is placed in an oven for 
final curing at 175 F 8-16 hr, depending 
on cross-section of plastic cast. 














Fig. 12 — A machined aluminum frame 

is used as a spacer ring to determine 

thickness of the matchplate. This frame, 

with internal grooves to provide good 

bond with the plastic, also reinforces the 
plate. 





Fig. 15—The plastic should be per- 
mitted to cool to room temperature be- 
fore removal from the mold. A plastic 
matchplate or pattern may be removed 
from a gypsum cement mold with air 
pressure as shown here. The air is blown 
between the parting line of the plastic 
and the gypsum cement mold. 





Fig. 18— The matchplate is inspected 

for dimensions and draft before it is 

approved for shipment to the foundry. 

In the foreground is the pattern with 

which the job began — in the background 
is the completed plate. 
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Fig. 19—- Here the problem consists of 
replacing worn out wood pattern equip- 
ment with plastic. 





Fig. 22 — Where fine detail is required 
it is good shop practice to brush the 
first coat of gypsum cement. Not only 
does this insure high fidelity and minute 
reproduction of detail, but it also helps 
to break any entrapped air bubbles 
which may have accumulated on the 
mold face. 





Fig. 25 — When the gypsum cement has 

set, the mold halves are separated, the 

pattern is removed, and gates and run- 

ners are carved. When this operation is 

completed, the mold is dried in an oven 

at 125 F and is then ready for sealing 
and pouring of the plastic. 





Fig. 27 — This mold is poured open face 

so the patternmaker can break visible 

air bubbles in the plastic by atomizing 
a fine spray of alcohol and water. 
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Fig. 20— As before, the patternmaker 

tirst uses modeling clay to fill any under- 

cuts between the wood pattern and the 
follow board. 





Fig. 23— After the pattern has been 
completely covered with 1 to 2 in. of 
gypsum cement, webs or ribs are built 
up by hand to give added reinforcement 
to the mold. It is not necessary to pour 
the mold solid. This technique provides 
a uniform mold thickness that will later 
shorten the mold drying operation. 





Fig. 26 — These gypsum cement molds 

were poured and dried as previously ex- 

plained. Here the mold sealant is being 
applied with a spray gun. 





Fig. 28— Then a lacquered plywood 
base is placed over the mold to form a 
flat bottom on the cast. Small risers are 
provided, and additional resin is poured 
to complete the full thickness of the 
pattern. After 3 to 4 hr, the plastic gels 
and the molds are sent to the oven for 
tinal hardening. 





Fig. 21— A metal flask is positioned 
and parting compound brushed on the 
pattern. The gypsum cement mixed at 
the proper consistency is then poured. 
The patternmaker is pouring in the cor- 
ner so that the plaster will flow slowly 
across the pattern. This is good shop 
practice and minimizes entrapment of 
air on the mold surface. The projecting 
wires hold the pattern in position, and 
prevent it from floating in the plaster. 
These same wires are later used as 
ejector pins to remove the pattern from 
the mold. 





Fig. 24— When the gypsum cement has 
set, the pattern remains in the mold, the 
frame is inverted, the follow board re- 
moved, another frame positioned and 
the top half poured. Before pouring, 
the mold and visible pattern surface 
were given a coating of parting com- 
pound. Since the pattern is held in posi- 
tion by the bottom half of the mold, it is 
not necessary to use wires or ejector pins 
in this halt. The rest of the mold is 
finished in exactly the same manner as 
was used to make the bottom halt. 








Fig. 29 — After removal from the mold 
the patterns are inspected for proper 
dimensions and adequate draft, as shown 
here. They are then mounted on metal 
bases and the completed cope and drag 
plates are sent to the foundry. 
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Fig. 30 — Where detail 
is required pattern- 
maker pours resin into 
each halt of gypsum 
cement mold until cavi- 
ty is almost filled. The 
plastic is then  per- 
mitted to gel, and the 
two halves are clamped 
together with an alumi- 
num spacer ring be- 
tween them. The spacer 
ring has a hole so 
located that remaining 
resin can be poured to 
complete matchplate. 
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are formulated to produce molds of high strength, 
and dimensional accuracy at low material cost. They 
have four to seven times the strength and hardness 
of soft plasters, and they expand only 0.002-0.005 in. 
per foot. In addition to the high strength and di- 
mensional stability, they are characterized by their 
plasticity. This outstanding property makes them 
ideal materials tor building up a mold on a con- 
toured surface, or vertical walls by the splash cast 
technique. The high strength also permits the mold 
to be used more than one time if necessary. The 
lower consistency or water requirement for mixing 
reduces mold drying time. 


Mixing Gypsum Cement 


A fundamental property of any plaster is its nor- 
mal consistency or the amount of water required to 
mix 100 parts of plaster by weight to a standard 
fluidity. By changes in the normal consistency, the 
compressive strength will vary from 1,000 to 15,000 
psi. The compressive strength of set gypsum is of 
importance, because it correlates closely with resist- 
ance to abrasion and length of mold life. 

The strength of the gypsum cement mold is the 
result of the development, during setting, of numer- 
ous needle-like crystals which interlace each other. 
As more and more water is added to the gypsum 
cement, the final gypsum crystals are pushed farther 
and farther apart. In other words, the more water 
used in mixing, the weaker the set mold will be. 

Practically speaking the hardness, strength, dimen- 
sional stability, and resistance to abrasion of a gyp- 
sum cement mold are all related to the quantity of 
water used in the mix. Therefore, it is extremely 
important that you use the proper plaster-to-water 
ratio. For mold making mix 100 parts hard gypsum 
cement with 48 to 50 parts of water. Always weigh 
the water and the gypsum cement to achieve the 
proper plaster-to-water ratio. 


Mold Fabrication Techniques 

Pouring. The most satisfactory molds are usually 
constructed 114-214 in. in thickness. Molds of greater 
thickness are a waste of material, are often too heavy 
to handle, and require a longer time to dry in the 
oven. The simplest method of making a mold is by 
pouring. 

Obviously, we must have an original master pat- 
tern, a model or a sample piece part to make a mold. 
The pattern or model can be made by wood working 
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Fig. 31 — The long prods are inserted into molds over 12 in. 
in thickness by drilling small holes to the desired depth. 
Metal rods or nails can be used but they must be cast as an 
integral part of the mold. The reading can then be made by 
placing the rod ends on the nail heads which are usually left 
protruding 44 in. to 4% in. The molds are usually dried until 
there is no movement of the indicating needle or pointer. 


techniques. Because of lower costs and ease with 
which gypsum cement patterns and models can be 
screeded with a templet, this method of fabricating 
original masters is growing in popularity. In fact 
many mold segments and some complete molds are 
screeded with a templet by one or more of the five 
basic methods. (See PATTERNMAKER’s MANUAL pub- 
lished by AFS, First Edition, 1953, Chapter 15, pp. 
204-231.) After the pattern has been completed the 
next step is to establish the mold parting line. Fig- 
ures | through 30 illustrate steps in making a gyp- 
sum cement mold. 

Making a Splash-Cast Mold. The second method 
of mold making is called the splash-cast technique. 
This method is used where compound contours are 
to be reproduced in plastic. Large molds varying 
from 4 to 6 or 10 ft in length, and width, and weigh 
over 200 lb are generally always made by splash cast- 
ing. 

Splash-cast molds are made by slowly pouring or 
splashing a Y%-in. to Y-in. layer or coating of 
gypsum cement over the entire surface to be repro- 
duced. As before, the master pattern surface is al- 
ways brushed with a parting compound before pour- 
ing the gypsum cement. When the first mix has 
progressed from the free flowing to the plastic stage, 
a second mix should be prepared. Sisal fiber bats 
approximately 14-in. thick are dipped into the bucket 
or tub containing the second mix, and then placed 
over the entire pattern surface. These bats serve as 
internal reinforcement for the mold. Then a wood 
or metal frame that will serve as structural rein- 
forcement is fastened to the pattern with additional 
fiber bats or ties which were dipped in a third mix 
of gypsum cement. 

A fourth or final mix may be necessary if a large 
number of ties are required. When the final mix 
has set the mold thickness will be 2 in. to 3 in. in 
thickness reinforced internally and structurally. 








382 


Drying Gypsum Plaster Molds Before Use 
Drying gypsum plaster molds before use is highly 
recommended as additional strength and _ surface 
hardness can be achieved. The drying time will vary 
with the thickness of the mold. The following table 
can be used as a guide for drying operations: 


SUGGESTED DRYING CYCLES 


Mold Thickness, in. Drying Time, hr 
i «ie 12 — 16 
14-24% 16 — 24 
214 —4 24 — 48 


The drying temperature should not exceed 125 F. 

In many pattern shops mold dryness is determined 
by the use of a moisture meter shown in Fig. 31. 
The molds are checked periodically during the dry- 
ing operation before removal from the oven. Surface 
contact readings do not always represent the dry- 
ness of a mold over | in. in thickness. 


Gypsum CEMENT MOLps FoR PLASTIC PATTERNS 


Mold Sealants and Parting Compounds 


The writer used some proprietary sealants and 
parting compounds for phenolic and epoxy resins. 
The writer will make specific recommendations on 
request. Also, resin manufacturers can be consulted 
for their recommendations on the use of sealants 
and parting compounds. 


Summary 


Application of gypsum cement molds for plastic 
pattern making has been set forth to illustrate ad- 
vantages of this mold medium. In addition to econ- 
omy, gypsum cements are accurate, dimensionally 
stable and adaptable to virtually any mold size and 
shape. When these new tooling materials and meth- 
ods are combined with the patternmaker’s ingenuity, 
the patternmaking industry has opportunities in this 
method of fabricating patterns and matchplates. 
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ENGINEERING METHODS IN PRACTICAL SAND PROBLEMS: 
STRENGTH - DENSITY RELATIONSHIPS 


By 


V. E. Zang* and G. J. Grott** 


The foundryman does not lack cures for his sand 
troubles: there are more “remedies” or “treatments” 
than he can possibly investigate thoroughly. The real 
problem is one of diagnosis. Like the physician, the 
foundryman must determine what is wrong before he 
can effect a cure. It may even be of interest to know 
why things go well at times. 

Engineering is, in part, the application of a par- 
ticular method to such problems. This method in- 
volves the use of numbers and units to describe prop- 
erties and happenings. These numbers and units may 
then, through the use of mathematics, be used to 
define and predict relationships between properties 
and happenings. 

It will be noted that no mention of theory has 
been included in the above description. Theory is 
not essential to the application. It does help to know 
theoretical considerations because it saves time in se- 
lecting properties to measure and relationships to look 
for, but it is essential only to evaluate. 

The purpose of this paper is to show that simple 
applications of the engineering approach can be suc- 
cessfully used in practical sand problems. 

Data has been collected and analyzed by engineer- 
ing methods for the determination of packing char- 
acteristics and void size, flowability, deformation, and 
strength relationships. It is intended that this paper 
be only in the nature of an introduction. Only the 
strength relationships are presented at this time. 

Mathematical relationships are restricted to graphs. 
The determination of relationships in this manner is 
best accomplished by choosing coordinate scales that 
give straight line plots. Equations are easily deter- 
mined from such graphs. Most of all, little skill in 
mathematics is required to read and interpret such 
plots. 

Collection of Data 

Standard specimens were made to various weights 
by ramming as required to produce a height of 2 in. 
plus or minus 0.005 in. Data for permeability, bottom 
hardness after stripping, green compression, and 
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green deformation were recorded. Early runs were 
made with samples at 2-gram intervals through a 
range of about 50 grams. This covered all stages from 
samples that would barely stand to those requiring 
30 or more rams. 

So that data for sands of different specific gravity 
might be plotted on a basis that would illustrate the 
voids present, density values were converted to a per 
cent solid basis. Per cent solids were arbitrarily deter- 
mined by firing a dried (120 C) specimen to constant 
weight at 1600 F. 

It was found that, within the accuracy of the data, 
plots of the logarithm of the strength versus either 
the per cent solids or the logarithm of the per cent 
solids gave straight lines. The log-log plot was chosen 
for theoretical reasons. A typical plot for three Ottawa 
sand mixtures is shown in Fig. 1. One permeability 
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curve is included to show that a similar relationship 
exists for this property. 

Data were then collected for all strengths; shear, 
compressive, and tensile. A broad range of mixtures 
were tested; Ottawa, Juniata, lake, bank, and zirconite 
sands as well as ganister and zirconite ladle mixtures. 
Various bonds including bentonite, fireclay, sodium 
silicate, and cereals, individually and in various com- 
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binations, were used. All mixtures in all combina- 
tions showed the same straight line relationship for 
green and dry compressive and shear strengths within 
the range of practical densities. The data for one 
Ottawa sand, western bentonite, and cereal mixture 
are shown in Fig. 2. Green tensile properties vary most 
from the relation. These data are typical of all mix- 
tures tested regardless of the base sand or bond used. 
Figure 3, based on the data of Dietert and Graham}, 
indicates that the same relationship holds for hot 
strengths. 

Oil and resin sand mixtures with only cereal and 
water added for green strength were tested. Baked 
properties gave straight lines (Fig. 4). Green com- 
pressive strengths gave curves similar to green tensile 
strengths for molding sands. 

For the same core mixture with silica flour or clay 
added, the green compression curve straightened out. 
As more fine material was added the core sands be- 
came more like molding sands. 

This common relation of strength to density 
prompted an attempt to apply a simple engineering 
tool to the analysis of molding sand strength prop- 
erties; specifically, the use of the Mohr circle for stress 
analysis. 

No theoretical background will be presented nor 
will any explanation be made as to why this method 
of stress analysis is applicable. Let it be sufficient to 
say that the theory is independent of the material 
being investigated and that it is a prime tool in the 
design of all load bearing structures. Those wishing 
detailed information may consult a text on soil me- 
chanics?. 

Stress Analysis for Molding Sands 

Consider some molding sand under pressure in a 
split box (Fig. 5). The box halves do not touch at 
the parting line. The lower half of the box is se- 
curely fastened down. A horizontal force is applied 
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to the top half of the box until the specimen shears. 

Looking at a small section of the plane along which 
failure will occur tells us that the individual sand 
grains along that plane will not shear in two. The 
grains will turn and in the process of turning will 
exert pressure on each other and raise the top of 
the box a little before the specimen shears. 

The resuits of an experiment by soil engineers? on 
dry Ottawa sand is shown in Fig. 6. The top pressure 
was held constant and the force necessary to move 
to shear the specimen at a rate of 0.055 in. per minute 
was measured. The ratio, Shearing Force/Top Pres- 
sure, will be called the Coefficient of Intergranular 
Friction. 

This coefficient is the tangent of the Intergranular 
Friction Angle; the angle is designated by the Greek 
letter @. 

Actually, more than friction is involved. Some of 
the “shear” force is used to supply the energy being 
expended in expanding the sample against the pres- 
sure. For the test in Fig. 6 this amounted to about 
26 per cent of the total measured shearing stress. 

In molding sands, too, it is apparent that the sand 
grains should interlock more, and contribute more 
to the strength, as the density increases. However, 
there is also the effect of packing on the bond ma- 
terial. It is desirable to separate the effects of the 
two components if each is to be properly evaluated. 

A technique* used in evaluating the properties of 
concrete is shown in Fig. 7. It is not necessary to 
know the theory. Only the proper procedure is needed 
for gathering data. 

However, the theory is based on certain assump- 
tions. The friction and the force holding the grains 
together are assumed to remain constant under all 
conditions and types of intergranular loading. This 
is not strictly true because these properties change 
as the specimen deforms during testing. The value 
of the data so collected can be judged only in re- 
lation to its adaptability to practice. 

The method may be applied by calculation or 
graphical solution. The use of graphical methods re- 
quires no more than the use of graph paper, pencil, 
and straight edge and the ability to follow instruc- 
tions. See Fig. 7. 
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For data of a given sand mixture and specimens 
of equal density, draw a circle with the diameter 
scaled to the compressive strength (C). Tangent 
to this circle draw another with the diameter scaled 
to the tensile strength (T). 
Draw a line through the centers of the two circles 
(OB). 
Draw a line tangent to both circles and intersect- 
ing the line through the centers of the circles (OA). 
The angle (AOB) between the intersecting lines is 
the Friction Angle. The tangent of this angle is 
the coefficient of Intergranular Friction. Line OD 
is the total Intergranular Pressure, Pi. The Shear 
Strength, S, may be measured and is equal to Pi 
tangent @. 
Figure 8 is a plot of shear strengths calculated by 
this method versus shear strengths measured in the 
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standard way. The strengths are not equal, but the 
correlation is definite. 

The AFS tests assume the effect of confinement 
of the specimens to be negligible. In the shear test 
the bottom support prevents downward movement. 
Any tendency of the specimen to expand results in 
a pressure being exerted on the specimen by the 
lower support. 

The specimen support was modfiied as shown in 
Fig. 9 to minimize the pressure effect. Data were taken 
for standard shear, modified shear, tensile, and com- 
pressive strengths on Ottawa sand mixtures. Figure 
10 shows the modified test data and calculated values 
to be reasonably correlated considering the assump- 
tions previously mentioned. 

This correlation was judged sufficient to warrant 
the use of the friction (tangent @) to evaluate the 
effect of packing characteristics of the solids, and 
the intergranular pressure (Pi) to evaluate bond 
strengths. 

Discussion of the Data 

Data for the Intergranular Pressures of several mix- 
tures are presented in Fig. 11. The two curves shown 
as dotted lines best illustrate the general shape of 
all curves. The reason for this shape may be stated 
in an idealized manner as follows: 
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At low density there is little, if any, grain-to-grain 
contact if the sand has been properly prepared, i.e., 
the grains are evenly coated with bond material and 
all lumps have been broken by aerating or riddling. 

The first stage of compaction is the reduction of 
void space by the displacement of bond material; it 
is squeezed from between grains but not compressed 
much and the increase in bond strength is minor. 

The second stage of compaction is the compression 
of the bond material; bond strength increases rapidly. 
As the amount of bond material is increased this por- 
tion approaches a straight line. The strength increases 
at approximately the sixth power of the density. 

Pi=C + y® 

Pi = Intergranular Pressure . 

C =A coefficient that varies for each mixture 

y = Density or Per Cent Solid 

This stage ends when effective grain-to-grain con- 
tact is made. Most, though not all, of the bond ma- 
terial is displaced from between the grains. 

The third stage of compaction is the breaking of 
local bridges by shearing of bond material or fracture 
of projections to allow shifting of the grains. Little 
compression of the bond material accompanies this 
change in orientation and no appreciable increase in 
bond strength occurs. 

This description is idealized to the extent that all 
stages occur to some extent at all times. It is practical 
to the extent that the dominant stage is easily 
identified. 

That the description adequately fits the data for 
friction may be seen from Fig. 12. Data on the lake 
sand and 3 per cent bentonite lake-bank sand mix- 
tures are omitted to allow clearer presentation for 
the other mixtures. Increase in friction up to the point 
of grain-to-grain contact as described for Fig. 11 is 
at a low rate. Only after this point is reached, and 
bond strength is no longer increasing, does the inter- 
locking of sand grains play any appreciable role. 

At this stage little bond material remains between 
the grains and there is little “cushion” available to 
accommodate expansion: expansion defects will occur 
most readily if the sand is rammed beyond the second 
stage. In fact, the only method for avoiding such 
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defects is the use of a “liquid” or “plastic” phase 
that will withstand shear without failure. Cores 
rammed to high density may be expected to con- 
tribute greatly to hot tearing and “vein” easily. Fur- 
ther, no appreciable gain in quality of surface finish 
may be expected from ramming beyond the second 
stage. 

Using the point of firm contact as determined above 
to describe the maximum usable density, and the 
degree of packing needed to prevent rough finish, 
penetration, or other “low density” mold failures as 
the minimum usable density, a sand may be classi- 
fied according to the width of this “usable range” 
of density. 

Further, the relative (or absolute) contributions of 
bond strength and friction may be stated if so desired. 

Thus, the Juniata mixture is a low bond strength, 
high friction, narrow range sand. The ratio of bond 
strength to friction is low. Such a mixture can be 
expected to be highly susceptible to all failures in 
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tension such as poor draws, cope drops, and handling 
breakage. Close control over mold hardness is nec- 
essary to stay in the narrow range of usable density. 
Over-ramming by the molder in an attempt to get 
more “strength” to prevent breakage is an invitation 
to expansion defects. 

At the other end of the scale is the “4-screen sand.” 
This is a production mixture from a foundry. It is a 
high bond strength, medium friction, wide range sand. 
The ratio of bond strength to friction is high, and 
this sand can be expected to handle well in all cases. 
There is strength sufficient for any molder and so 
much bond material that the mixture cannot be over- 
rammed by any ordinary procedure. Even at 15 rams, 
the limit of the test on this particular sand, the point 
of contact is just being approached. 

This mixture had an ignition loss (1600 F) of 8 
per cent and an AFS clay content of 9 per cent. A 
150-gram (dry weight) sample was boiled in 20 per 
cent nitric acid to oxidize the organic materials and 
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loosen the clay, then washed, filtered, and scrubbed 
with a stirrer using tetrasodium pyrophosphate as a 
dispersing agent. The sample was wet sieved on a 
200-mesh screen. The total loss was over 25 per cent. 

The remainder was then fired at 1600 F to remove 
the last traces of carbonaceous material. It was com- 
pared (at 100X) with a portion of the 60 lake-40 
bank sand mixture used in the vibration packing tests. 
No difference could be detected. 

The reason for the success of “foolproof” sand is 
fairly clear. Enough fine material, bond material, and 
organic material are present to give a very high 
strength and wide range of usable density. No control 
over molding is necessary save “ram it hard.” The 
combination of lake and bank sands plus the fines 
give void sizes comparable with the finish desired. 

The reason for several days® usage being necessary 
before best results are attained is apparent; it takes 
that long for the additions to build up high enough. 
This, plus chemical control by substituting western 
for southern bentonite as needed, does the job. 

That friction depends on the fine material may 
be seen by comparing the 4-screen and 60 lake-40 
bank sand mixtures. With essentially the same dis- 
tribution for the material 200-mesh and above, the 
4-screen sand has a much higher friction at a lower 
density than the other mixture. 

The Ottawa mixtures are intermediate to those just 
discussed. The main point of interest in these mix- 
tures is the spread of data. Compressive strengths 
(AFS) varied only from 11.4 to 12.6 psi, and shear 
tests from 2.8 to 3.2 psi. The individual variations 
in bond strength and friction as seen in the charts 
are considerably above this. 

These sands were prepared to a strength specifica- 
ton. For the two basic types, new and rebonded, the 
strength was attained in opposed manners. New sands 
were low in fine material with a 6 per cent new 
bentonite addition. Old sands were high in fine ma- 
terial and the addition of new bentonite was less 
than one half of one per cent. 

Accordingly, the new sands attained total strength 
equivalent to the old by a higher bond strength and 
lower friction. The molders like such sands. 

The lower bond strength and higher friction of some 
old sands cause these to be classified as “brittle” and 
undesirable. These same sands may be made suitable 
by higher rebonding additions with higher moisture 
to “keep the strength down.” The molders really like 
these sands. Slight changes in the bond strength to 
friction ratio greatly affect the “moldability” of the 
sand mixture. 

Some mention should be made of the ganister mix- 
ture even though it is not suitable for molding. Par- 
ticles as large as one-quarter inch were present. In 
compression testing at high densities a peculiarity was 
noted. Certain specimens would fail at strengths far 


ENGINEERING METHODS IN PRACTICAL SAND PROBLEMS 


below average. Others would start to fail, then a 
seizure would occur and the specimen would not 
break at the limit of the machine, over 93 psi and 
almost three times the average strength. The low 
strength failures are reflected as high intergranular 
pressures and very low friction values because of the 
method of calculation. Two Pi data points fall high 
above the contact density in Fig. 11. These were caused 
by the low compressive strengths and method of cal- 
culation. 

In this case the spread in the data was obviously 
caused by variation in interlocking of the grains. It 
is possible that such factors also cause the wide varia- 
tions in shear strength data at the higher densities 
for regular sand mixtures. It is known that screening 
minimizes these variations in test data. It is most 
probably that a thorough breaking-up of all lumps 
from the muller is required to achieve random orien- 
tation of the grains and an even density throughout 
the specimen. 


Conclusion 


Based on the calculation, from tensile and com- 
pressive strengths, of shear values that are well cor- 
related with measured values, it may be concluded 
that simple stress calculations are applicable to mold- 
ing sand mixtures. 

This engineering method allows the separate evalu- 
ation of the bond strength and the coefficient in in- 
tergranular friction at any given density of the 
mixture 

The procedure has been successfully applied to a 
range of mixtures sufficiently wide to indicate useful- 
ness in all molding sand mixtures. It is applicable 
over the entire range of densities used in molding. 

The density beyond which additional compaction 
will be of little value, and which may be dangerous 
because of susceptibility to expansion defects, can be 
accurately determined. 

The ratio of bond strength to friction accurately 
reflects the “moldability” of sand mixtures. 

This engineering procedure is applicable to mold- 
ing sand mixtures and the information may be put 
to valuable use in the foundry. 
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THE MANAGEMENT TASK IN A COMPETITIVE ECONOMY 


By 


L. L. Ellis* 


A short time ago the president of a medium-sized 
but highly successful company asked if the author 
ever helped top executives who had so many details 
passing over their desks that they could not keep up 
with them. In his case, he said he tried to delegate 
but somehow all the decisions seemed to land back 
in his office. The business had grown rapidly and 
he had reached the point where there were not 
enough hours in the day and where physically he 
could not cope with the increasing burden of detail 
he was handling. 

This is not an unusual case. In fact, it is typical 
of many American business executives today. Most 
businesses have grown and expanded during the last 
decade. With that expansion and the consequent in- 
creased competition, the task of top executives has 
become more complex. Those executives who are 
operating in much the same manner that they did 
ten or twenty years ago are finding it difficult to 
meet successfully the highly competitive conditions 
they are faced with today. 

What are the consequences of this rather prevalent 
condition? Important decisions are often delayed, 
impeding progress and generating confusion and 
frustration down through the organization. Courses 
of action are taken on an expedient basis, without 
adequate analysis of probable consequences. Mistakes 
are made that could have been avoided. An increas- 
ing proportion of executive time is devoted to “put- 
ting out fires.” The job is on top of the executive 
rather than the executive being on top of the job. 
The personal hazards of the situation are evidenced 
in the increasing number of cases of executive ulcers, 
of heart and other health impairments among top 
executives. 


You may well say that this is an exaggerated pic- 
ture, that American business has the highest caliber 
administration in the world. The latter is undoubted- 
ly true, but the problem of the over-loaded execu- 
tive in this country today is not exaggerated. Amer- 
ican business leadership appears to be exceptional 
in comparison with that of other countries of the 
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world, but we should not conclude from such a com- 
parison that even the majority of top executives are 
playing the executive course in par. On the con- 
trary, the scarcest commodity in this country today 
is skilled executive ability. It is important, therefore, 
that we pause to consider the fundamentals of execu- 
tive action in today’s highly competitive atmosphere. 


Weaknesses in Executive Action 


Why do top executives become overloaded and 
overworked? What causes this chronic condition? Is 
it part of the game, something like the common cold 
about which we can do little, or can corrective meas- 
ures be taken? In answering these questions, let us 
look first at the principal reasons why executives are 
overburdened with detailed operating problems. 


Lack of Understanding of Top Management 
Functions 


By far the most basic cause is the noticeable lack 
of understanding of the executive functions. The 
focal point of this lack of understanding seems to 
rest in the common misconception that the basic 
function of top executives is to make all operating 
decisions. Since they must have all the answers, they 
must have all the facts. Consequently, details upon 
details pass over the executive desk. Papers and au- 
thorizations of the most minor nature must be signed, 
most often in a perfunctory manner. Subordinates , 
are considered to be some strange headless / beings 
with arms only to gather facts and legs only to carry 
out orders. 

Such executives have little or no concept of the 
proper administrative tasks of policy determination, 
of control by exception, and of coordination of ef- 
fort through planning and through generation of a 
thorough understanding of the task to be accom- 
plished and the part that each member of the team 
is to play in its accomplishment. 

This lack of understanding points up a basic weak- 
ness that has existed in our educational and execu- 
tive training processes for the past several decades. 
Educators have placed great stress on specialized func- 
tional education. For years, our colleges have turned 
out excellent engineers, production technicians, ac- 
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countants, market and sales specialists and personnel 
and industrial relations experts. But it is only com- 
paratively recently that education in the fundamen- 
tals of administration has been offered. Consequent- 
ly, we find that top management people today are 
principally those who have spent the majority of 
their business careers in some functional specialty and 
who have little training in or real understanding of 
the broader aspects of management with which top 
executives are faced. 

The functional specialization of our educational 
pattern also contributes to the typical overloading of 
executives in another manner. Perforce we have had 
to select top executives who were specialists in some 
functional field of operation. There is always a strong 
tendency for the individual stepping up to a top 
executive position to bring along with him many of 
the details of his former position. It is the area he 
knows best; therefore, he enjoys and understands the 
problems of that area most and looks at more of 
the details. Also he cannot bring himself to believe 
that anyone else in the organization has quite the 
same intimate knowledge and skilled ability to han- 
dle the problems in that area that he has. You will 
find this “halo” effect of habit contributing to the 
work load of many top executives. 

To illustrate this, let us take the case of Mr. Smith, 
sales manager of a highly successful small company, 
in a business that requires heavy emphasis on the 
merchandising and advertising functions. Three years 
ago, Mr. Smith was promoted to executive vice pres- 
ident. In effect, the responsibilities of this position 
are essentially those of president, as the president 
acts more in the capacity of chairman of the board. 
In the three years since Mr. Smith was promoted, 
he has had three sales managers. 

He has insisted on handling so many of the de- 
tails of sales management and in making all the im- 
portant decisions in this area that he has been un- 
able to retain a well-qualified man in the sales man- 
ager’s position: He has come to the conclusion that 
he has to act both as executive vice president and 
as sales manager. It is obvious to any skilled execu- 
tive that this cannot be done effectively. Our con- 
clusion is that Mr. Smith will never be an executive 
vice president but will always be a sales manager. 
Recently he has had to spend some time in the hos- 
pital, primarily because of overwork. His chances of 
success in his present position are slim. 


Lack of Knowledge of Management Techniques 


The second factor contributing to the overload of 
top executives is closely related to the first. This is 
a general lack of knowledge of the effective tech- 
niques of management. Improvements and innova- 
tions in administrative and management techniques 
have been many in the past fifteen years. 

As illustrations, we have only to consider the de- 
velopment of budgetary control techniques, the 
strides that have been made in the use of perform- 
ance standards in production and in the office, the 
growing use of market research techniques, the in- 
creasing use of psychological tests in appraising man- 
agement potential, the era of mechanization through 
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which we have passed and the age of automation 
that we are entering. 

The failure of many top executives to keep up 
with these advancements in management techniques 
is quite apparent everywhere. To a great extent, they 
have been too busy with daily details to gain the 
knowledge and understanding necessary to utilize 
them effectively. Far too often, however, they have 
closed minds with respect to these new ideas and 
are prone to look upon them with the scorn born 
of long years of operation without them. 

Let us discuss the executive age problem, which 
is an important factor in executive performance to- 
day. The depression of the early thirties, the second 
world war, Korea, and the continued draft of young 
potential executives, all have tended to delay the de- 
velopment of top executive replacements. Conse- 
quently, the average age of top executives in the 
country today has increased. Many top executives 
are now beyond retirement age. Others, approaching 
retirement age, find themselves less and less able to 
cope with the increasing number and complexity of 
top management administrative tasks; yet they have 
a reluctance to turn the reins over to younger and 
more modernly trained executives, which is often dif- 
ficult to understand in the light of their professed 
interest in the welfare of their company. 

Growing age has one of two effects upon executive 
action. One group of aging executives find it more 
and more difficult to make the required decisions. 
They recognize that new management techniques 
have been developed which they are not thoroughly 
equipped to apply. Consequently, they have lost some 
of the confidence required for executive action. They 
delay decisions until circumstances force their hand, 
and even then do not adopt clearly defined policies 
and actions. 

For the other group, the reverse is true. The older 
they become, the more positive and arbitrary are 
their actions. This group of executives usually sur- 
round themselves with men of the same vintage who 
think like they do, who have had essentially the 
same type of background and training. Counseled 
only by those who think the same, this group com- 
prises the self-styled “old school” of two-fisted man- 
agement with minds closed to new management tech- 
niques. They give every evidence of operating upon 
the basis so aptly described in a recent publication, 
“My mind is made up. Don’t confuse me with the 
facts.” They fail to recognize changed competitive 
conditions and pride themselves in the pursuit of 
courses of executive action that were successful 
twenty years ago when they first gained executive 
stature. 

Top Management Functions 


Several years ago the writer had the opportunity 
to work with the president of a large and expanding 
operation. His desk faced toward the entrance to his 
office and behind him was a table. The table was 
filled with papers, folders and accumulated data on 
projects awaiting his decision. His desk was literally 
covered with documents requiring his signature. 
After a month’s work with him, we had successfully 
delegated the signatures and the decisions and both 
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the table and the desk were bare. He said, “Now 
that you have taken away all the work I was doing, 
tell me what I should do.” 

The writer will devote the balance of this paper 
to answering that question. What are the important 
functions of top management under the competitive 
conditions that prevail today and that will undoubt- 
edly continue to do so in the foreseeable future? 
Where should executive attention be focused today? 
An answer to these questions should materially aid 
executives in planning a reasonable work load and in 
furthering the progress of their respective companies. 

Executive time should be applied primarily to what 
the author calls the functions of progress. These are: 

(1) Determination and definition of the basic ob- 
jectives and policies of the company. 

(2) Development of specific long-range plans for 
attainment of the stated objectives. 

(3) Development and implementation of the or- 
ganization plan best suited to accomplish these ob- 
jectives. 

(4) Provision and effective utilization of capital 
required to implement the long-range plans. 

(5) Development and improvement of the prod- 
ucts or services of the company. 

(6) Development and training of executive re- 
placements. 

It is in these areas that the quality of leadership, 
which is so difficult to define, is exhibited. The ac- 
complishment of each of these top management tasks 
requires considerable vision, imagination, creative 
thinking—and the rugged faith and courage to cut 
new paths. Companies without such leadership are 
like ships without a rudder, drifting with the winds 
and tides of the economy and battered by the storms 
of competition. 


Determining Company Objectives and Policies 


Many seasoned executives scoff at the mere men- 
tion of objectives. They regard the subject as a highly 
theoretical one. Far from being theoretical, many 
basic problems stem from management's failure to 
agree on just what it is trying to accomplish. Ask any 
ten top executives what the objectives of their com- 
panies are and nine of them will undoubtedly say 
“to make money” or some equivalent phraseology 
indicating a complete lack of understanding of the 
importance of defining what the company should 
accomplish. 

Consider for a moment why your company should 
exist at all. Is it making a real contribution to our 
economy, to a higher standard of living? Is it pro- 
viding a worthwhile service? The fundamental pur- 
pose served by the company or desired by the owners 
should be defined, to provide common understand- 
ing and common incentive of accomplishment to 
which the top management team can dedicate their 
efforts. Other basic objectives with respect to indus- 
try position, product diversification, markets, expan- 
sion and integration, to name but a few of the more 
important ones, require definition if company opera- 
tions are to have meaning to the top management 
group, and indeed to the entire employee group. 
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The determination of basic company policies is 
an inherent part of the executive function. In addi- 
tion to basic policies, however, there are many op- 
erating policies with respect to production, sales, ac- 
counting and other phases of the business that re- 
quire definition if delegation of responsibility down 
through the organization is to be effective. Often 
the principal reason why delegation does not work 
well, and why top executives find many problems 
landing back on their desks for answer, is that the 
policies that are needed to guide subordinates in 
making decisions have not been defined. Lacking any 
rules of the game, it is only natural that they should 
hesitate to make the required decisions. 

One of the rarest of executive tools is the policy 
manual, and yet, without exception, where the time 
and effort have been devoted to reducing operating 
policies to writing, they have paid dividends. Dele- 
gated responsibilities have been accepted and car- 
ried out more effectively, teamwork and morale 
among management personnel have improved, and, 
most important, the operating demands upon top 
executive time have been materially reduced. 


Planning the Course of the Business 


Stockholders, directors and top management of 
many companies have been drugged into a false feel- 
ing of accomplishment and future security by the 
earnings records that have been compiled during the 
past decade. They are prone to attribute these rec- 
ords to the astuteness of management and fail to 
evaluate the salutary effects of the rising economy 
that has existed during this period. Nar do they 
consider how much greater the earnings might have 
been had management been more farsighted. It is 
difficult to determine the extent to which manage- 
ment decisions contribute to profits in a period of 
rising economy. 

How much of the realized profits would have oc- 
curred anyway is, of course, only a conjecture. 
Nevertheless, an analysis of the profits and progress 
of the larger and more successful companies will in- 
evitably lead to the conclusion that thorough plan- 
ning of the future course of a business enhances the 
profit opportunities. It also lessens the daily burden 
of top management because courses of action are , 
taken on a studied and considered basis and have a 
unanimity of purpose that precludes the expedient 
and shot-gun emergency type of considerations to 
which management of unplanned operations devote 
much of their time. 

Let me cite two examples to illustrate this point 
that lack of planning contributes heavily to the over- 
burdened condition of top management personnel. 
At the end of World War II, Company A, with ef- 
forts devoted wholly to defense work, had done no 
reconversion planning and was totally unprepared 
to return to the production of its regular products. 

During the ensuing period of six to twelve months, 
top management made many expedient decisions, 
worked long hours, spent more money than would 
have been necessary had reconversion been antici- 
pated and planned ahead. Even so, this company was 
so late getting back..into the market: that -many of 
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the former customers had turned to other suppliers. 
Some of these were never recaptured. During this 
period and the next couple of years when operations 
were being stabilized, top management had little 
time to devote to product improvement. Only too 
late did they realize that competitors had made such 
improvements in performance and in cost that the 
basic line of products for which the company had 
been noted for years was no longer competitive. This 
company is in the automotive industry. 

It was well known that the automobile manufac- 
turers were committed to a policy of integration, 
yet no plans were developed to meet this situation 
with diversification of products for other industries. 
Now it is interesting that-sales and profits through- 
out the last ten years increased steadily if not spec- 
tacularly and in 1953 were the highest in the com- 
pany’s history except for the war years. But what of 
today and tomorrow? Today the company has lost 
much of its basic product business. Earnings are 
down, being drained off by excess capacity. Long 
hours are being spent in almost frantic effort to 
rectify the situation and stem the tide that is rapidly 
leading to liquidation. With adequate planning for 
the future, this company could still have been a 
leader in its field, and top management would not 
be in its present harassed, overburdened and des- 
perate state. 

An Example of Good Management 

By way of contrast, let me cite briefly the case of 
Company B. This company has grown rapidly but 
soundly during the same period. An extremely dif- 
ficult market problem has been carefully considered. 
Objectives and planned courses of action to attain 
them have been developed. The president of this 
company recently stated in a modest but confident 
manner that he expected to triple the sales volume 
in the next ten years. Plans are all laid to accomplish 
this. But, he said, just in case certain things occur 
which will alter conditions, we have prepared two 
alternative plans of operation, one for a more mod- 
erate growth and one to be used in case retrench- 
ment is necessary. 

Top management group of this company are re- 
laxed, happy, confident and healthy. For two weeks 
out of every year they go, as a group, to some out- 
of-the-way but comfortable spot and discuss the fu- 
ture of the company. It has paid dividends and will 
continue to do so. 

A well-run company should have an overall pro- 
gram for growth. Planning this growth in terms of 
products, markets, facilities, manpower, capital and 
other important ingredients of expansion is one of 
the major tasks of top management under today’s 
highly competitive conditions. Plans are needed to 
meet changes in economic trends and in other con- 
ditions under which the business might have to op- 
erate. Despite the fact that the kaleidoscopic changes 
of the past fifteen years should have demonstrated 
the need and value of such planning, many com- 
panies are operating today with only superficial 
thinking with respect to the future of the company 
and its operations. The ultimate survival of such 
companies is subject to question, for there will be 
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competing companies with well-laid plans, thorough- 
ly prepared to take fast and purposeful actions to 
meet changing conditions. 


Developing the Organization Structure 


One of the most important tasks of a president 
is the development of the organization structure best 
suited to current operations, yet so constructed that 
it can be expanded and easily modified to meet the 
planned growth of the future. Indeed, a well- con- 
sidered organization structure will facilitate growth 
because it will enable those operating within it to 
make necessary decisions and take required actions 
promptly, unhampered by the delays inherent in a 
poorly organized company. 

The effect of unsound organization upon the ex- 
ecutive work load is more readily apparent than that 
stemming from inadequate planning. There are only 
five working days in the week, but we frequently 
find top executives with twelve to twenty subordi- 
nates reporting directly to them—an obviously im- 
possible task of direction. 

Another organizational fault that is all too common 
is excessive concentration of authority and responsi- 
bility in the central office. Any top management 
group with the philosophy that ability to make in- 
telligent decisions varies inversely with the distance 
from the home office is bound to be overloaded. 
Failure to establish organizational channels through 
which authority can be delegated effectively is one 
of the most common causes of overworked executives. 

Failure to identify properly and to group related 
functions inevitably results in an inordinate amount 
of executive time being devoted to coordination of 
activities. Confusion and conflict resulting from over- 
lapping of functional responsibilities, from misunder- 
standing of line and staff working relationships and 
from failure to define clearly individual spheres of 
authority generate heavy demands upon top man- 
agement time. One chronic symptom of this state of 
affairs is frequent and lengthy conferences. Another 
is a plethora of time-consuming committees which 
serve little purpose except to provide a common ex- 
cuse for taking no action. 

Considerable material has been published on the 
subject of organization. Much of this material tends 
to leave the reader with an impression that a pres- 
ident has only to choose one of several plans con- 
structed upon recognized principles of good organ- 
ization and his problem is solved. Nothing could be 
farther from the truth. On the contrary, the most 
practical organization structure for a given company 
might be different in many respects from that of 
any other company in the industry. The organiza- 
tion structure should reflect and be built around the 
objectives, policies and future plans of the company 
as well as the current operations. 

Of course, certain principles should be embodied 
in any organization structure. Each of the major 
functions of the business should be _ represented 
among the top executive positions. Like functions 
should be brought together under executive leader- 
ship at some point in the top structure, for a scatter- 
ing of similar functions among several top execu- 
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tives only serves to place the burden of coordination 
on the president’s desk. The span of control as rep- 
resented by the number of subordinates reporting 
directly to each executive should be commensurate 
with the needed executive attention to each of the 
functions so represented. Finally, the responsibilities 
and limits of authority of each member of the or- 
ganization should be clearly established in writing. 
Within the limits of these basic tenets of good or- 
ganization, there is a wide latitude for a president 
to develop the structure peculiarly suited to the ef- 
fective conduct of his business, geared to the abilities 
of existing personnel, and with flexibility to meet 
the planned growth requirements of the company. 


Improving and Expanding the Products or Services 


In the highly competitive economy of today’s mar- 
kets, perhaps no other presidential responsibility is 
as important as that of improving and expanding 
the products or services of the company. The life- 
blood of the company and of its future is its products 
and services. Constant attention to product is re- 
quired if competitive positions are to be retained 
and improved. This is particularly true in well-sat- 
urated markets such as that existing now in the 
electric refrigeration field. 

Perhaps at no time in the industrial history of 
this country has there been such a need for creative 
thinking, ingenuity and engineering know-how with 
respect to products and services as exists today. The 
company that is not alert to this need will inevitably 
feel the impact of this error for years to come. 


Providing Capital and Utilizing It Effectively 

Adequate capital is required if a company is to be 
in position to move quickly and effectively to meet 
current competitive situations; to improve, develop 
and add to its product line; and to expand and 
build soundly for the future. Many companies ex- 
panded rapidly during the past ten years. Some of 
these are finding the increased competitive pressures 
to be quite a strain on the existing capital. Others 
are finding promising expansion opportunities be- 
yond the scope of available capital. Certainly one 
of the functions of the business today that requires 
the time and attention of the president is the most 
effective utilization of available capital and the cap- 
ital planning inherent to the growth and expansion 
of the business. 


Developing and Training Executive Replacements 

The human resources of a company do not appear 
on its balance sheet. No accountant has yet been 
able to devise a way of placing a value upon them. 
Yet in many instances the human resources are the 
most valuable asset a company has. The development 
of these human resources is a subject deserving of 
the time and attention of the president of any com- 
pany. Unfortunately, it is the one most neglected 
by top executives, particularly those of the paper 
shuffling variety. 

A recent survey of 50 companies indicated that 
only 20 per cent of them had executive development 
programs and many of these were extremely limited. 
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The lack of adequately trained subordinates through 
which to accomplish desired results is a great handi- 
cap to top management. Like the president referred 
to initially, many other top executives find that mat- 
ters delegated have an uncomfortable habit of land- 
ing back on their desks because subordinates are not 
prepared to accept such responsibility. 

Today’s president should be vitally interested in 
the selection, development and training of manage- 
ment personnel. Mistakes in selection of management 
personnel can be very costly. Good management tal- 
ent is at a premium. The degree to which a com- 
pany can afford to compromise with mediocre man- 
agement personnel is often a matter on which the 
president’s judgment should be brought to bear 

In the normal course of conducting the business, 
the president will spend some time with each of the 
key executives reporting to him. Where the organ- 
ization plan has not been soundly developed and 
too many executives report to a president, the time 
he devotes to them is far too little. Even where a 
reasonable number of subordinates exist, presidents 
are often prone to shortchange their key executives 
in order to keep up with the operating details han- 
dled personally. 

Good top executives recognize that sound develop- 
ment of key executives is a direct presidential re- 
sponsibility. They plan sufficient time with each man 
to cover not only the operating programs but also 
the individual problems relating to each man’s per- 
sonal development. 

Summary 

In summary, the writer leaves these thoughts. First, 
skilled executive ability is scarce. It commands a pre- 
mium in today’s market. Second, much potential ex- 
ecutive ability is misdirected because of a widespread 
lack of understanding of executive functions. Third, 
too many executives devote too much of their time 
to operating details that should be delegated to sub- 
ordinates. Fourth, top executives will facilitate the 
sound growth and expansion of their companies if 
they devote more time and attention to the func- 
tions of progress and limit the time devoted to op- 
erating details. 

In any operation there are certain limits to the 
authority that can and should be delegated. Within 
the scope of the authority retained at the top execu- 
tive level, therefore, the president and his top team 
must make executive decisions pertaining to opera- 
tions. If the functions of progress outlined above 
have been carried out in good manner, executive 
decisions may be made with ease and dispatch. Fail- 
ure to understand and accomplish these basic execu- 
tive actions, however, serves only to complicate and 
make more difficult the executive decisions that are 
required. 

In closing, the writer urges the readers to consider 
the following questions in relation to their own op- 
eration: 

(1) Has my company grown and expanded to the 
point where I need to change the manner in which 
I operate? 

(2) Have I clearly defined company objectives 
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and policies so that my subordinates have a clear 
understanding of what I am trying to accomplish? 

(3) Have I developed adequate plans for the fu- 
ture growth of the business? 

(4) Does my organization plan permit and facili- 
tate adequate delegation of authority or does it con- 
tribute to the burden of my task? 

(5) Have I devoted sufficient thought to the im- 
provement and development of the company’s prod- 
ucts and services to keep ahead of competition? 

(6) Are my capital resources adequate for planned 
growth and expansion? 

With well-defined objectives, carefully developed 
long-range plans for the future, a sound and flexible 
organization structure, a progressive product line and 
adequate capital, a company has a solid foundation 
on which to build its future. Add to this the super- 
structure of well-trained and constantly developing 
executives and you have a structure within which 
you can operate with ease and enjoyment, instead of 
overwork and ulcers. 


DISCUSSION 


Chairman: C. E. WESTOVER, Westover Engineers, Milwaukee. 
Co-Chairman: Wo. Bussy, Texas Foundries, Lufkin, Texas. 
Joun DexHeErMeR:! What can one do about keeping himself 
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“up to date” so to speak as an executive? 

Mr. Exus: This is a rather difficult question to answer in a 
limited time. I would say, however, that above all else one must 
have curiosity. A person should analyze his strengths and weak- 
nesses and attempt to strengthen himself in weak areas. I know 
of one personnel man who took a selling job in order to do 
just that. 

E. E. Pottarp:* What can one do about his own organization? 

Mr. Eis: Certainly group meetings and training is extremely 
beneficial. Policy manuals are in many cases most helpful. Some 
organizations attempt to move individual executives from posi- 
tion to position in the organization on the premise that the 
experience will develop the man. There is some preliminary 
work being done with the idea of exchanging executives between 
companies on a temporary basis for training purposes. 

H. F. Drerricu:* What kind of a college education would you 
recommend for executive training? 

Mr. Etuis: That is a difficult question. A recent survey 
indicated that the top executives of industry came from the 
following fields in this order: 

1. Sales 

2. Accounting (Comptroller) 
3. Production 

4. Engineering 

It is my belief that with engineering, if we had business 
administration and the humanities there would be many more 
engineers as presidents than at present. My own son will have 
an engineering degree and then go to the Harvard Business 
School for graduate work. 


1. Mueller Brass Co., Port Huron, Mich. 
2. Tyler Pipe and Foundry Co., Tyler, Texas. 
3. Kansas State College, Manhatten, Kansas. 








MODERN MANAGEMENT CONTROL 


By 


Roger K. Dailey* 


Introduction 
@ When foundry management is_ informed 
about all the operations of the business and 
when facts are substituted for guesses or lack of 
specific and accurate information it is far more 
likely that management’s decisions will be “good 
decisions” resulting in better performance. 

Modern management must have “modern con- 
trol” as the basis for future policies as well as for 
every day operations. A portion of this control 
is obtained through standard costs. 

Modern standard cost procedure requires the 
establishment on a normal basis of specific quan- 
tities and purchase prices for direct material and 
direct labor applicable to all products and oper- 
ations. A reporting procedure is established to 
provide management with current measurements 
of efficiency through comparision of actual ex- 
penditures for direct materials and direct labor 
with what such expenditures should have been. 
The variances between these two bases, segregat- 
ed by supervisory responsibility, are reported to 
management for required action. 

The standard cost objectives thus are: 
® The establishment of definite specifications as 
to what should be done with respect to direct 
materials and direct labor costs. 
® The comparison of actual performance to es- 
tablished specifications. 

" The reporting of difference between standard 
and actual performance to management. 

Complete cost control must not stop with di- 
rect materials and direct labor. Foundry, sales 
and other overhead expenses must also be con- 
trolled. Modern cost control procedure provides 
a sound method of controlling excessive costs of 
this nature through the use of the flexible budg- 
et. Control factors are established to specify al- 
lowable expenditures for such expenses as in- 
direct labor, power, manufacturing supplies, etc., 
at any level of operating capacity. The flexible 
budget thus provides a means of cost analysis not 
possible with obsolete fixed or inflexible budgets. 
~ *Vice President, Lester B. Knight & Associates, Inc., 
Chicago. 
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Flexible budgetary control thus has as its 
objectives: 
® The establishment of budget allowances cov- 
ering overhead expenses at all levels of capacity 
utilization. 
® The establishment of sound overhead rates. 
=" The reporting of variances between budget 
allowances and actual expenditures to manage- 
ment. 

It is important to note that the same data re- 
quired by standard costs are also essential to 
modern production control. These requisites in- 
clude complete bills of material and routing or 
process instructions. The dual use of these data, 
of course, emphasize the close relationship of 
standard costs to industrial requirements. 

Standard product costs (the sum of standard 
direct material, standard direct labor and stand- 
ard foundry overhead) are, of course, ideal for 
use in the establishment of sales prices and basic 
marketing policies. These costs are computed on 
a normal efficiency basis (including normal over- 
head) thus eliminating questions which always 
arise as the result of fluctuating costs (in reality) 
due to inefficiencies and varying production 
volume. 

The control statement which we advocate sup- 
plements the conventional form of earning re- 
port. It embodies the principles of dynamic con- 
trol of progress rather than a mere calculation of 
profit or loss. It has as its objective the system- 
atic revelation of sources of profit or loss; the 
substitution of facts for estimates, and, through 
management direction, the elimination of weak- 
ness. 

By following this principle management \, ill 
know at all times, what costs should be, the dol- 
lar amount of all variances from such specifica- 
tions or standards, and where those variances 
occur. 


It is our hope that this following discussion 
will be of some assistance in evaluating the great 
contribution which modern control can bring to 
the success of a business organization. 








396 


Costing Procedure Development 
@ There bas been a rapid evolu- 
tion and perfection of costing pro- 
cedure in recent years, the way be- 
ing led by such industries as the 
automobile, the appliance and oth- 
er relatively new industries. With 
no preconceived ideas or obsolete 
precedents to hamper their think- 
ing, they naturally followed the sci- 
entific approach in solving their 
cost accounting and cost control 
problems. 

Cost accounting and cost control 
methods were formerly conceived 
of as merely: 
® A periodical computation where- 
by expenses were divided by pro- 
duction in tons or other basis to 
determine the average cost of a 
ton. This cost would then be con- 
sidered as bona fide until a subse- 
quent computation of the same na- 
ture would be made. 
=" A recording procedure where- 
by raw materials, productive labor 
and overhead would be carefully 
accumulated and charged to indi- 
vidual jobs. 


Dangers of Averages 


Under the first method costs com- 
puted were merely averages, with 
all the dangers inherent in averages. 
So many factors were involved in 
the averages including production 
volume, varying ratio of unlike 
products, cost extravagance, etc., 
that management found the figures 
worthless for all practical purposes. 

Under the second method, the 
cost by jobs could and would vary 
widely as between manufacturing 
cost of identical products due to 
such elements as: 
® Varying prices paid for identical 
raw materials. 

" Varying material scrap, waste 
and yield as between identical jobs. 
® Varying labor costs between jobs 
arising from failure to equal stand- 
ard, idle time, spoiled work, delays, 
etc. 

® Varying overhead due to fluctu- 
ation in production volume or vari- 
ations in individual items of plant 
expense. 


Where? Yes, but Why? 


In spite of such differences be- 
tween the cost of separate lots of 
identical products, the cost account- 
ing procedure would merely accu- 
mulate costs without reporting the 


reasons for the differences. On this 
basis management would know only 
that on some jobs a profit might be 
made while on other jobs covering 
the same product a lesser profit or 
even a loss might be computed. The 
basic reasons for the variance in 
cost and the resulting effect on 
profit were buried in the figures. No 
information was provided whereby 
excessive costs could be corrected 
by management action before tncy 
affected profits to a substantial de- 
gree. 

Under either of these methods it 
is not too much to say that the labor 
and expense of compiling the fig- 
ures were practically wasted. Incor- 
rect information to management is 
little better than no information. 


Modern Costing Procedures 


Under modern costing procedure 
the old concept of the actual cost 
system is expanded to meet the fol- 
lowing requirements: 

1. All direct material, direct la- 
bor and manufacturing overhead 
costs are predetermined by jobs in 
sufficient detail to produce accurate 
costs in advance. Averaging of cost 
is avoided to the maximum extent 
so that full advantage may be taken 
of competitive costs advantages. Di- 
rect costs are based upon sound en- 
gineering and time study specifica- 
tions with overhead scientifically 
prorated. 

2. All foundry, general, adminis- 
trative selling and miscellaneous 
costs are predetermined on the basis 
of master budgets. Definite dollar 
allowances are established by kinds 
of expense with flexible and fixed 
standards whereby actual expenses 
may be measured against those al- 
lowable. 

3. Individual jobs after predeter- 
mination of cost are verified as to 
their fairness. Where differentials 
exist, the predetermined cost will 
be adjusted and then considered to 
be standard cost for future sales 
quotations so long as fundamental 
costs do not change due to wage in- 
creases, upswing in raw material 
prices, etc. 

4. The payroll procedure and 
the books of account are revised so 
that excessive factory labor costs, 
as compared to predetermined costs, 
are separately computed and re- 
ported currently to management. 
This reporting is upon the basis of 
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daily or weekly “Labor Control Re- 
ports”. This report shows by de- 
partments and by supervisory re- 
sponsibility the following: 
A. Actual direct labor cost. 
B. Standard direct labor cost. 
C. Variances from standard di- 
rect labor cost. 
D. Reasons for variance by ge- 
neric causes such as: 
(a) Failure to equal standard 
(b) Spoiled work 
(c) Idle time—breakdown 
(d) Idle time—material 
(e) Overtime 
(f) Other 
E. Indirect labor at actual cost. 
F. Indirect labor at standard 
cost. 
G. Variance from standard. 
H. Comments on indirect labor 
variances. 
I. Total variances for the period. 
5. The metal specification and 
input procedure and cost calcuia- 
tions are established so that pre- 
determined metal costs are com- 
pared with actual and the following 
variances developed for manage- 
ment control: 
A. Price 
B. Input Cost—variance in ratio 
and thus representing a variance 
as compared to standard input. 
6. Each month management is 
provided with a modern statement 
of profit and loss, with supporting 
statements showing: 


Profit and Loss Statement 


A. Standard gross profit which 
should have been realized if 
predetermined costs were met. 

B. Excessive costs as between ma- 
terial, direct labor and manu- 
facturing overhead. 

C. Loss due to failure to operate 
at normal levels. 

D. Actual gross profit after ex- 
cessive costs. 

E. Actual selling, general, ad- 
ministrative and other expense 
as compared to the budgeted 
allowances included in pre- 
determined cost, with excessive 
costs revealed. 

F. Operating and net profit. 


Summary of Manufacturing Costs 


A. Direct material excess costs 
due to price, excessive spoilage, 
non-standard yield, etc. 

B. Direct labor excessive costs by 
causes. 
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C. Factory overhead costs at ac- 
tual versus standard with 
amount of variance for month 
and year to date. 

D. Capacity variance loss due to 
failure to operate at normal 
levels. 


Direct & Indirect Departmental 
Costs 


A separate schedule is provided 
for each direct and indirect de- 
partment showing the same type 
of information as shown under 
the “Summary of Manufacturing 
Costs”. This enables supervisory 
performance to be evaluated, and 
constitutes the basis of supervisory 
cost education. 

It will thus be seen that the mod- 
ern cost system not only involves 
cost determination but, more im- 
portant, cost control. It represents 
the only possible technique by 
which management is quickly ad- 
vised of excessive costs and can take 
immediate action to correct the sit- 
uation before substantial loss is ex- 
perienced. 

This type of system is applicable 
to any company’s situation. The 
fundamental concept is sound since 
it is based on the following facts: 


® No sales price can be set without 
an estimate of cost unless the price 
is a pure guess. 

® Having established a sales price 
and an estimated cost, a desired 
profit has been established also. 
= It is axiomatic that if the costs 
are not controlled, the profit will 
not be equaled or bettered. 


Two Kinds of Costs 


It must be clearly understood 
that all costs are either controllable 
or of a fixed and non-controllable 
nature. Wherever costs can be di- 
rectly related to the operation or 
product they are fully controllable. 
Where they are indirect they may 
be fully controllable, partially con- 
trollable or, like depreciation and 
insurance, practically fixed. 

An overhead rate applied is a 
budget expressed in a percentage 
to direct labor dollars, hours, or 
other basis. Certain items in this 
budget are controllable, some semi- 
controllable, and others fixed. 
Hence, the modern concept of a 
flexible budget. This budget is flex- 
ible in that controllable costs are 


covered by standards which are cor- 
related with, for example, direct 
labor in the molding department. 
Semi-variable standards are set 
through specific allowances at vari- 
ous ranges of capacity. Fixed stand- 
ards remain constant under all con- 
ditions. The budget itself, when 
applied to actual costs, is tied into 
the profit and loss equation and 
thus mathematically reveals exces- 
sive costs. 

In seeking to determine the rea- 
sons for unsatisfactory profit per- 
formance, the first control report 
which any management seeks to 
analyze is the profit and loss state- 
ment. 

In most foundries, we have found 
that the form of profit and loss 
statement does not reveal the 
sources of loss. It does not answer 
such vital questions as: 
® Were sales prices properly main- 
tained? 
= Were metal costs excessive as 
compared with estimated costs on 
which sales prices were or should 
have been based? What was the 
reason for the excess and what dol- 
lar amounts were involved? 
® Were labor costs excessive on 
the basis of standard versus actual? 
How much and what were the rea- 
sons? 
® Were overhead expenses exces- 
sive? How much and where? 
® What loss was experienced due 
to lack of volume? What profit was 
due to increased business volume? 
® What were the forecasted sales 
on which overhead rates were es- 
tablished? (Forecasted direct labor 
based on forecasted sales) 

None of these data are available 
from the average foundry’s conven- 
tional profit and loss statement. 
Management is thus forced to at- 
tempt explanation through statisti- 
cal analysis. Usually these attempts 
are deficient in that: 
=" The averaging of metal costs in 
terms of net good castings reveals 
only a variance in averages. 
® Melting costs are computed on 
the “per good ton” basis. What 
should the cost have been per your 
predetermined costs, and what loss 
or gain was experienced and why? 

This same principle of average 
cost per ton is followed throughout 
their set of statements. What was 
the failure to equal standard; idle- 
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time—breakdowns, idle-time—mate- 
rial, etc.P Could these costs have 
been avoided or minimized or prop- 
erly controlled by the departmental 
supervisor as they constitute the 
basis for his knowing if he is or is 
not doing a good job with his men? 


Why No Profit? 


Other statements which are pro- 
vided for management’s guidance 
also fail to disclose variances 
which are tied into the profit and 
loss equations established by jobs. 
The result is that no scientific an- 
swer is possible to the questions 
raised normally by the sales depart- 
ment as to the reasons for lack of 
profit, when ordinarily such profit 
is included in setting the sales price 
upon predetermined costs. 

Responsibility for incurring ex- 
penditures lies in the hands of su- 
pervision which may be prudent 
and economical with the company’s 
funds or which may be extravagant 
or careless. Unless a foundry is oper- 
ating under a standard cost and 
flexible budgetary control proce- 
dure it is exceedingly difficult to 
measure the performance of the 
supervisors involved from the cost 
standpoint. 

These principles are best illus- 
trated by reference to Fig. 2 show- 
ing a foundry’s profit and loss state- 
ment as it would be prepared under 
standard cost and flexible budget- 
ary control principles. It will be 
observed that this statement ex- 
presses income and expense items 
with explanations as to whether 
waste and extravagance existed— 
and if so, where. It also states 
whether a profit or loss was in- 
curred due to abnormal or sub- 
normal utilization of plant facili- 
ties—and measures this in dollars. 


Away With Old-Fashioned Ideas 


The specimen statement is es- 
tablished upon standard cost and 
flexible budgetary control princi- 
ples that enables the significant fac- 
tors mentioned above to be clearly 
and accurately revealed as a regu- 
lar function of the accounting pro- 
cedure. 

The following outlines the prin- 
ciples which have been established 
to meet cost control requirements 
under modern conditions, eliminat- 
ing the old-fashioned job cost ac- 
counting principles but revealing 
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SPECIMEN 
OPERATING PROFIT AND LOSS STATEMENT 
YEAR- 
TO- 
MONTH DATE 
Sales - Product 1, 492, 621.00 
STANDARD COST OF SALES 
Std. Direct Labor 194, 050.00 
Std. Direct Material 722, 068.00 
Std. Burden 269, 500.00 

TOTAL 1, 185, 618.00 
STANDARD GROSS PROFIT 307, 003.00 
Capacity Variance 16, 800. 00* 
Standard Gross Profit at Same 

Capacity Operated 290, 203.00 
VARIANCES FROM STANDARD Principle 

Material Price 8, 500. 00* 

Material Usage 5, 750. 00* 

Direct Labor 

Failure to Equal Standard 4, 350. 00* 

Crew Variance 1, 950. 00* 

Spoiled Work 2, 550. 00* 

Delays 250. 00* 

Overtime - 

Mfg. Expense Variance 6, 940. 00* 

TOTAL 30, 290. 00* 
ACTUAL MANUFACTURING PROFIT 259, 913.00 
SELLING EXPENSE 

Budget 33, 272. 40 
Variance 1, 392.18 
TOTAL SELLING EXPENSE 34, 664. 58 
ADMINISTRATIVE DIVISION EXPENSE 
Budget 14, 632. 68 
Variance 976. 13* 


TOTAL ADMINISTRATIVE EXPENSE 





15, 608. 81 





OTHER INCOME AND EXPENSE 





Provision for Inventory Shrinkage 

P/L from Sales of Scrap 

Credit for Depr. on Fully Depreciated 
Assets 

Other Income and Deductions 


etc. 


TOTAL OTHER INCOME 





OPERATING PROFIT OR LOSS 





* DENOTES RED FIGURE 


Illustrative Only. 


Detail Not Shown. 























Fig. 2 . . A P&L statement should be prepared so as to give operational control. 
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the control information so essential 
in evaluating factors affecting profit 
and loss: 

1. The plant organization is 
charted and departmentalization 
for cost purposes is established up- 
on the basis of: 

(a) Supervisor responsibility. 

(b) Adequate cost centers to pro- 
vide correct operation costs. 

(c) Amount of cost controlled by 
departmental supervisors. 

Such departmentalization is _pre- 
requisite to the installation of mod- 
ern budgetary control of factory 
overhead. 

2. The normal utilization of de- 
partmental capacity is determined 
by analysis and expressed in terms 
of standard direct labor dollars. At 
such normal point the necessary ex- 
pense allowances are determined 
upon the basis of detailed analysis 
involving an examination of the 
need for indirect workers, the num- 
ber to be allowed at normal operat- 
ing levels, the decrease to be ef- 
fected when operations fall below 
normal or the increase required by 
abnormal operations, etc. The al- 
lowances are segregated as between 
those of: 

(a) Variable nature—costs which 
rise and fall in a direct ratio 
to the production level. 

(b) Semi-variable costs — costs 
which rise and fall in steps as 
related to the production level. 

(c) Fixed costs — costs which 
remain constant at any level 
of capacity. 

The allowances as established on 

this basis constitute a flexible budg- 


et covering overhead of the depart- 
ment. This budget is applied in the 
measurement of actual expendi- 
tures and shows where excessive 
costs arise and where savings are 
made. It represents management's 
opinion of what good cost perform- 
ance is within the department with 
respect to overhead and, for the 
plant as a whole, what good cost 
performance is from the standpoint 
of the superintendent. 


Pin Down Excess Labor Cost 


3. Metal costs are computed on 
the basis of standard specifications 
and incorporated in the standard 
cost per ton.“Standards are estab- 
lished covering direct labor opera- 
tions, preferably upon the basis of 
standard data, but if essential on 
the basis of estimates. 

4. The payroll procedures and 
the books of account are revised so 
that excessive direct labor costs are 
reported by cause. It thus becomes 
possible daily, weekly and monthly 
to accumulate excessive labor costs 
due to such causes as: 


(a) Failure to equal standard— 
This variance reflects the cost 
of not reaching the standard 
output required per direct la- 
bor or machine hour. 

This variance is of the utmost 
importance in controlling direct la- 
bor cost since it indicates the pro- 
ductivity which supervision is se- 
curing from the labor dollar ex- 
penditure. 

(b) Rate variance—this excess 

cost arises where employees 
having an hourly rate different 
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from the standard hourly rate 
are used for a particular opera- 
tion. 

(c) Spoiled work—The direct la- 
bor cost of spoiled work is a 
loss. Control is brought to bear 
by isolating this cost in a sep- 
arate cost account. 

(d) Idle time 

With the foregoing established 

cost figures available it becomes 
possibie to: 

" Estimate jobs as budgeted cost. 
® Determine through variances 
where estimated costs are exceeded. 
The variances may be traced to the 
particular job estimated at any 
time. 


Summarize Manufacturing Cost 


It becomes possible, with the fore- 
going procedure, to prepare not 
only the type of profit and loss 
statement shown in Fig. 2, but also 
the department summary of manu- 
facturing expense, Figs. 6 and 7. 
It also becomes possible to prepare 
daily or weekly labor control re- 
ports, Fig. 8, showing the cost per- 
formance with respect to: 
® Direct labor. 
® Indirect labor with the amount 
and cause of any excess. 

In our opinion, flexible budg- 
etary control in combination with 
standard cost control is essential if 
profit or loss due to lack of capacity 
utilization be known whether it re- 
sults from shortage in the sales func- 
tion of the production required or 
productive time lost by workers 
who are either inefficient or un- 
qualified. 





























SPECIMEN 
SALES AND COST OF SALES ANALYSIS 
STANDARD 
SALES MATERIAL CONVERSION DIRECT STANDARD GROSS SALES PROFIT & 
QUANTITY VALUE COST REVENUE LABOR BURDEN PROFIT FACTOR TO SALES 
Product A 218, 361.00 107, 329. 00 111, 042.00 28, 500.00 39, 200.00 43, 332.00 3.90 19.8% 
Product B 80, 125.00 37, 671.00 42,454.00 10, 550.00 14, 605.00 17, 299.00 4.01 21.6% 
Product C 82, 886.00 54, 004. 00 28, 882.00 10, 780.00 14, 900.00 3,202.00 2.69 3.9% 
Sub-Total 381,372.00 199, 004. 00 182, 378.00 49, 830.00 68, 705.00 63, 833.00 3.66 16.7% 
Jobber 
Product D 270,678.00 
Product E 41,145.00 
Product F 32, 250. 00 
Product G 494, 588.00 
Product H 36, 532.00 (Same Detail Shown for Each Product) 
Jobbers Sub-Total 875, 193.00 
Government Work 
195, 552.00 
585 27, 446.00 
595 16, 612.00 
TOTAL 1, 492, 621.00 722, 068.00 770, 553.00 194, 050.00 269, 500° 00 307, 003.00 3.96 20.6% 














Fig. 3 . . This analysis explains the variations in the standard cost of sales and the resulting gross profit. 
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SPECIMEN 
EXPENSE STATEMENT 
SALES DEPARTMENT 
VARIANCE 
YEAR-TO 
ACTUAL BUDGET VARIANCE DATE 

Commissions 14, 920.00 15, 240.00 320.00 
Salaries - Other Executives 3, 333.34 3, 333. 34 - 
Salaries - General Clerks, Stenos, etc. 2,916.67 2, 916. 67 - 
Bonuses and Vacations 833.34 833. 34 - 
Stationery and Office Supplies 184.50 100.00 84. 50* 
Postage 28.00 41.67 13.67 
Parcel Post 15.00 16. 67 1.67 
Telephone and Telegraph 238.00 125. 00 113. 00* 
Shows, Conventions, etc. - 566. 68 566. 68 Same 
Entertaining Customers 165.00 100. 00 65. 00* 
Insurance - General 125.00 125.00 - 
Insurance - Workmen's Compensation 

and P. L. 16.67 16. 67 - 
Old Age Benefit, Federal and State Principle 

Unemployment Taxes 266.67 266. 67 - 
Heat, Light and Water 120.00 125.00 5.00 
Depreciation 133.34 125.00 8. 34* 
Automobile Expense 475.00 408. 34 66. 66* 
Samples 496.30 191. 67 304. 63* 
Rent 434.58 439.58 5.00 
Travel Expense 2, 485.00 1, 375.00 1,110. 00* 
Art Work 2, 936.60 2, 083. 34 853. 16* 
Direct Mail 3, 042.40 3, 342.75 300.35 
Group Insurance 250.00 250.00 - 
Pension Trust Insurance Expenses 1, 166.67 1, 166. 67 - 
Other 82.60 83.34 .74 

TOTAL 34, 664.58 33, 272. 40 1, 392. 18* 


* DENOTES RED FIGURE 





























Fig. 4 . . Sales department expense statement shows how actual costs varied from budget. 


Once the flexible budget is estab- 
lished many scientific management 
data are available with respect not 
only to cost control, but: 
® Control of sales mixture of jobs 
in terms of profitability to reach a 
profit goal on an overall basis. 
® Correct pricing is facilitated. 
= The effect of volume, or lack of 
volume, may be measured for pre- 
planning. 
® The break-even point of the 
business, or a division of the busi- 
ness, becomes measurable. 


These thoughts are illustrated 


in Fig. 1. 


® Profit point chart—Showing prof- 
it or loss at varying capacity levels 
and. break-even point. 

® Sales price factor chart—Show- 
ing indexes at various capacity 
levels which represent return per 
dollar of standard direct labor re- 
quired to meet the profit forecast. 


Need Profit Point Chart 


In actual application, we find few 
companies which maintain a cur- 
rent profit point chart. Yet, in our 


opinion, good cost costrol is one 
of the important contributing fac- 
tors toward holding and increasing 
position. The clerical detail, it 
might be pointed out, is less than 
under actual job costs. If the chart 
of accounts is set so that variable, 
semi-variable, and fixed costs are 
automatically segregated in the 
books, drawing of a profit point 
chart is simple. 


Charts Management Program 
If the profit point chart is based 
upon a carefully prepared forecast 























402 
SPECIMEN 
EXPENSE STATEMENT 
ADMINISTRATIVE DIVISION 
VARIANCE 
YEAR-TO- 
ACTUAL BUDGET VARIANCE DATE 

Salaries - Officers 6,250.00 6, 250.00 7 
Salaries - Other Executives 2,083.70 2,083.70 - 
Salaries - Accounting 2,083.70 2,083.70 - 
Salaries - General Clerical 1, 666. 67 1, 666. 67 - 
Bonus and Vacation 166. 67 166. 67 - 
Stationery and Office Supplies 398.00 250.00 148. 00* 
Postage 36.20 16. 66 19. 53* 
Parcel Post 5.10 8.34 3.24 
Telephone and Telegraph 73.80 66.67 7.13* 
Entertaining Customers ° » - 
Insurance - General 
Insurance - Workmen's Compensa- 

tion and P. L. 25.25 25.25 - 
O.A.B. - Federal and State Same 

Unemployment Taxes 200. 00 200.00 - 
Heat, Light and Water e - ° 
Depreciation 58.34 58.34 - 
Automobile Expense - Sg - Principle 
Samples - - ° 
Rent 608. 81 615.81 7.00 
Travel Expenses 294.85 166. 67 128. 18* 
Dues, Memberships & Subscriptions 66.00 16.67 49. 33* 
Donations 110.00 16.67 93. 33* 
Collection & Credit Expense 68.75 65. 84 2.91* 
Legal & Professional Services 934.30 416.67 517. 63* 
Group Insurance 166. 67 166. 67 - 
Pension Trust Insurance Expense 

(Salary Employees) 250.00 250. 00 - 
Other 62.00 62.00 - 

TOTAL 15, 608. 81 14, 632. 68 976. 13* 
* DENOTES RED FIGURE 











Fig. 5 . . Variance from budget shows up in administrative expense. 


of sales and budgeted costs for ma- 
terial, labor and overhead, it be- 
comes a charted management plan. 
It graphically expresses the mathe- 
matical equation of business man- 
agement in that (1) if the fore- 
casted dollar sales volume is secured 
at the proper profit mixture and 
all costs are controlled to budgeted 
levels, (2) the forecasted profit must 
be realized. 

The second chart is designed pri- 
marily to reflect the vital factor of 
profit mixture by jobs. 

We believe the foregoing com- 
ments will serve to describe the ad- 
vantages of sound flexible budg- 
etary control. 


Foundry Sells Direct Labor 


As is generally recognized, a 
foundry, more than any other in- 
dustrial operation, primarily sells 
its productive time and direct labor. 

If the operations of the company 
are charted in the form of a profit 
point chart as we have done in Fig. 
8, it is clear that mathematically 
pricing should not be accomplished 
by mark-up or by adding on a per- 
centage of total cost but should be 


scientifically established on the ba- 
sis of the following formula: 

1. Determine the sales volume at 
which the plant is budgeted to oper- 
ate in terms of net sales dollars. 

2. From net sales at the budg- 
eted point, deduct the standard 
cost of material. The company did 
nothing to create the material and 
should not receive a profit thereon. 
The company, rather, must obtain 
its profit from compensation for its 
productive time and the skill and 
effort which it applies to the raw 
material. The balance, after de- 
ducting material costs from net 
sales, represents “conversion reve- 
nue” the compensation for the com- 
pany’s skill, time and effort. 

3. Dividing the conversion reve- 
nue at the budgeted sales point by 
budgeted standard direct labor re- 
veals the return in dollars per dol- 
lar of productive labor. Every dol- 
lar of productive labor in the com- 
pany is entitled to the same return 
unless management is willing to ac- 
cept the premise that a dollar of 
direct labor of one employee is less 
valuable than the dollar productive 
labor of another employee. This 
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point of view, of course, is uneco- 
nomical. A dollar of productive la- 
bor or a dollar of productive time 
represents the only real commodity 
which the company is selling. 

In the case of the illustrative 
charts shown (Fig. 1) the conversion 
revenue per dollar of direct labor 
totals 3.96. This means that every 
job run by the company should re- 
sult in a payment by the customer 
of not less than 3.96 per dollar of 
direct labor. 

Reversing the process above de- 
scribed and applying the principle 
to individual estimates, it is clear 
that: 

1. If all sales prices are set by 
multiplying the estimated standard 
direct labor by 3.96 and adding the 
cost of the material, the charted 
profit can be realized. 

2. If sales volume as charted is 
realized, the volume factor in cost 
is realized. 

3. If direct labor, division over- 
head, general overhead, selling ex- 
pense and administrative expense 
elements are controlled to the 
standard and budgeted level, the 
profit charted mathematically must 
be realized. 

In actual practice the index or 
pricing factor as above described 
may be used as an indicator or 
guide. 

Proper pricing for maximum 
profit is a problem of every foundry. 
Selling prices should be correctly 
established before the sales depart- 
ment or others alter them to meet 
conditions that affect salability. Un- 
der-pricing may result in excessive 
sales on the under-priced product, 
reducing the available total profit 
upon the foundry’s volume. Over- 
pricing may so restrict sales that 
profits that should have been se- 
cured are lost. 

Standard costs determine what 
individual products should cost so 
that it becomes possible to ascertain 
what the total costs of operating 
should be at all capacity levels. The 
foundry offers for sale its facilities, 
services and abilities in converting 
raw materials into a finished prod- 
uct so that the real “sale” becomes 
that value received for the service 
or conversion effort which is repre- 
sented by the amount remaining 
after deducting direct material costs 
from the selling price. 

When profits are based upon sell- 
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SPECIMEN 
SUMMARY OF MANUFACTURING EXPENSE 











VARIANCE 
ACTUAL BUDGET VARIANCE YEAR-TO-DATE 
Direct Labor 194, 050. 00 
MANUFACTURING EXPENSE 
VARIABLE 
Material Variances 
Material Price 8,500.00 8, 500. 00* 3, 800. 00* 
Material Usage 5, 750. 00 5, 750. 00* 29, 420. 00* 
Direct Labor Variances 
Failure to Equal Standard 4, 350.00 4, 350. 00* 14, 600. 00* 
Crew Variance 1, 950.00 1, 950. 00* 9, 450. 00* 
Spoiled Work 2,550.00 2, 550. 00* 6, 020. 00* 
Delays 250.00 250. 00* 1, 850. 00* 
Overtime - - 
Other - - 
Workmen's Compensation & Public Liability 4,310.00 4, 300.00 10. 00* 340. 00* 
Power 12, 565. 00 10, 500. 00 2, 065. 00* 3, 555. 00* 
Supplies 1,560.00 1, 420.00 140. 00* 500.00 
O. A.B. Federal & State Unemployment Taxes 
Fuel and Water 2, 360. 00 2, 460.00 100.00 25. 00* 
Miscellaneous 95.00 105.00 10.00 15.00 
SEMI-VARIABLE AND FIXED EXPENSE 
Supervision - Salaries 8, 500.00 8, 500.00 - - 
Supervision - Wages 9,600.00 9, 600.00 - - 
Experimental - Indirect Labor 1,505.00 1, 200.00 305. 00% 50.00 


Clean-Up - Indirect Labor 

Shipping, Receiving and Stores, Clerical 
Watchmen and Guards 

Janitors and Sweepers 


Material Handlers 
Inspectors (The remainder of this Statement is compared 


Training Employees in detail to the Budget in the same manner as above). 
Service Truck Drivers 

Boiler Firemen 

General Clerical 

O.A.B. - Feder & State Unemployment Taxes 
Indirect Labor Overtime Premium 

Maintenance and Repair - Labor - Mach. & Equip. 
Maintenance and Repair - Labor - Bldgs. & Grounds 
Maintenance and Repair - Mat'l., Mach. & Equip. 
Maintenance and Repair - Mat'l., Bldgs. & Ground 
Janitor Supplies 

Shipping Supplies 

Freight, Express and Cartage - In. 

Telephone and Telegraph (Detail Omitted) 
Taxes, Real Estate and Personal Property 
Insurance - General 

Group Insurance 

Depreciation - Machinery and Equipment 
Depreciation - Buildings 

Due and Subscriptions (Factory Only) 

Travel Expense 

Fuel and Water 











Power 
Light 
TOTAL 730, 662.00 200, 592.00 30, 290. 00* 
183, 792.00 183, 792.00 
47. 090.00 
Capacity Variance 16, 800. 00* 
Manufacturing Expense Variance 30, 290. 00* 
£1,000. 008 
Manufacturing Expense Variance 
Material Price 8, 500. 00* 
Material Usage 5, 750. 00* 
Direct Labor 
Failure to Equal Standard 4, 350. 00* 
Crew Variance 1, 950. 00% 
Spoiled Work 2, 550. 00% 
Delays 250. 00+ 
Overtime - 
Other - 
TOTAL 9, 100. 00* 
Manufacturing Expense 6, 940. 00+ 
TOTAL " 
nd 


* DENOTES RED FIGURE 











Fig. 6 . . Manufacturing expense summarizes the variances from standard of profit and loss statement (Fig. 2). 
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ing prices calculated upon both ma- 
terial and manufacturing cost, the 
varying proportion of materials in 
several different products will dis- 
tort the profit return upon these 
products. This may be illustrated 
by the selling price obtained on 
three different products: 


Pattern Pattern Pattern 





NP 11 524 NP-2B 
Material cost 101.81 250.00 565.00 
Direct labor 88.33 102.00 126.25 


Burden (150%) 132.50 153.00 189.38 

Total cost 322.64 505.00 880.63 
Gross profit at 

25% of cost 80.66 126.25 220.16 


Selling price $403.30 $631.25 $1,100.79 








Assuming it had been decided 
that the foundry was entitled to a 
profit which resulted in a sales fac- 
tor of 4.00, then the correct selling 
prices would be as follows: 


Pattern NP 11 











Material Cost $101.18 

Conversion Price 353.32 

Selling Price 455.13 
Pattern 524 

Material Cost 250.00 

Conversion Price 408.00 

Selling Price 658.00 
Pattern NP-2B 

Material Cost 565.00 

Conversion Price 505.00 

Selling Price 1,070.00 


Pattern NP 11 and Pattern 524 
should be advanced in price and 
Pattern NP-2B should be reduced 
in price and regardless of the class 
of product sold, the final profit to 
the foundry would be the same. 

Knowing the total operating ex- 
penses of the business at any capa- 
city level, knowing the value of the 
standard direct labor at such levels, 
and also knowing the total profit 
desired at each capacity level, it be- 
comes a simple matter to determine 
the necessary cost plus profit, (ex- 
clusive of material cost), and to 
determine what ratio this amount 
is to the standard direct labor cost— 
thus determining the “sales factor” 
necessary to produce such results. 


APPENDIX 


@ The following typical reports, 
based on standard cost and flexible 
budgetary control principles, were 
designed to provide management 
with every possible “signal” indi- 
cating efficient or inefficient per- 
formance in the manufacturing op- 
eration. The degree of control real- 
ized is obviously dependent upon 


the steps taken by management 
to analyze and correct weaknesses 
shown. The system, however, auto- 
matically places before manage- 
ment all facts necessary to institute 
aggressive executive action. 

The following specimen. state- 
ments were designed to bring out 
operating control principles for the 
purpose of this story and are not 
meant to represent the actual finan- 
cial statements in their finished 
form. Nor are we including such 
supplementary statements that man- 
agement may want included. 

Following are the suggested state- 
ments for a foundry, comments 
upon which will appear later: 


Figure 
Operating Profit & Loss Statement 2 
Sales & Cost of Sales Analysis 3 


Expense Statement- Sales Department 4 

Expense Statement - Administrative 
Division 

Summary of Manufacturing Expense 

Summary of Departmental Manufacturing 
Expense - Department “A” 

Labor Control Report 


on aw 


Balance Sheet 


In this report we have not in- 
cluded a balance sheet. However, 
the generally accepted form of bal- 
ance sheet is used. The system, how- 
ever, requires the evaluation of 
work-in-process and finished goods 
inventory at standard cost rather 
than the so-called actual cost. 

We might suggest that the cur- 
rent ratio and also the net working 
capital be tabulated for ready ref- 
erence by management. Also sep- 
arate reports for the surplus state- 
ment, etc., may be prepared if 
desired. 


Comparative Profit and Loss 
Statement 


Fig. 2 shows a specimen profit 
and loss statement for the company. 
This specimen statement is inten- 
tionally condensed to the maxi- 
mum possible degree for quick eval- 
uation of results in total. It sum- 
marizes the results for the month; 
it shows gross dollar sales; the total 
returns, allowances and discounts 
which must be deducted from gross 
sales, and the resulting balance of 
net sales. 

From the net sales is deducted 
the standard cost of sales of all 
products sold. Observe that here the 
principles of standard cost account- 
ing are introduced in that it is un- 
necessary to use inventories to ar- 
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rive at the correct cost of sales. It is 
only necessary to: 

1. Establish standard costs per 
unit covering: 

A. Direct materials 

B. Direct labor 

C. Overhead 

The total represents the total 
standard cost of the particular prod- 
ucts involved. 

2. Multiply the products sold by 
the proper standard cost, the math- 
ematical total constituting standard 
cost of sales. 

After deducting standard cost of 
sales from net sales, the resulting 
balance represents the standard 
gross profit. On the specimen state- 
ment this amounts to $307,003.00 
and is the gross profit which the 
company should earn. 

The company did not, however, 
earn its standard gross profit for 
the month. Observe that from the 
standard gross profit are deducted: 
® Capacity variances 
® Direct material variances 
® Direct labor variances 
® Manufacturing expense vari- 
ances 

Here in four tabulations are sum- 
marized the plant’s excessive costs 
for the month. The capacity vari- 
ance shows the extra cost incurred 
due to not operating the foundry 
at its normal capacity. The direct 
material variances reflect the ex- 
cess cost of direct materials used; 
the direct labor variances reflect ex- 
cessive expenditures for direct la- 
bor and the manufacturing expense 
variances show the unnecessary ex- 
penditures incurred for this class 
of expense. 

Deducting (or adding thereto if 
savings) variances from standard 
gross profit reveals actual gross prof- 
it. From such profit are deducted 
selling, general and administrative 
costs at budget and excessive cost 
totals. The balance constitutes net 
operating profit; the balance be- 
tween other income and expense is 
added or deducted. The remainder 
constitutes net profit for the month 
before provision for taxes. 

Observe that this statement is 
prepared monthly with a compari- 
son against prior month’s results. 
Management may thus month by 
month compare sales trends, meas- 
ure variances in total against the 
prior month, etc. 

Having analyzed this statement, 
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SPECIMEN 
SUMMARY OF F. G EXPENSE 
Al w 
DEPARTMENT A VARIANCE 
ACTUAL BUDGET VARIANCE YEAR-TO-DATE 
Direct Labor at Standard 34,100 00 
MANUFACTURING EXPENSE 
Vv. BLE 

Material Variances 

Material Price 

Material Usage 875.00 875 00* 
Direct Labor Variances 

Failure to Equal Standard 620.00 620. 00% 

Crew Variance 2,140.00 2,140. 00* 

Spoiled Work 105.00 105. 00* 

Delays 780.00 780. 00* 

Overtime 65.00 65. 00% 

Other - 
Workmen's Compensation & Public Liability 682 00 682.00 - 
Power 5,110 00 3,121.70 1, 988. 30* 
Supplies 340.00 598. 20 258.20 
O.A.B. - Federal & State Unemployment Taxes 1,505 80 1,360.00 145. 80* Detail 
Fuel and Water 1,250 00 1,200.00 50. 00* 
Miscellaneous 35.00 40.00 5.00 Not 

SEMI-VARIABLE AND FIXED 
Supervision - Salaries 6,791.00 6, 794. 00 3.00 
Supervision - Wages 4,675.00 4,672.70 2. 30* Shown 
Experimental - Indirect Labor - 582.00 582.00 
Clean-Up - Indirect Labor - 700. 00 700.00 
Shipping, Receiving and Stores, Clerical 1, 226.32 1,333.35 107.03 
Watchmen and Guards 1,021.73 1,021.73 : 
Janitors and Sweepers 880.00 880.00 - 
Material Handlers 2,666.00 2, 741.70 75.70 
Inspectors 1,084.00 1,149.00 65.00 
Training Employees 600 00 417.00 183. 00* 
Service Truck Drivers 585.00 585.00 - 
Boiler Firement 227.04 227.04 - 
General Clerical 6, 066.00 6, 063.00 3. 00* 
O.A.B. - Federal & State Unemployment Taxes 1, 162. 88 1,176.70 13.82 
Indirect Labor Overtime Premium 2, 060. 00 2,061.90 1.90 
Maintenance & Repair - Labor, Mach. & Equip. 985.00 815.20 169. 80* 
Maintenance & Repair - Labor, Bldgs. & Grounds 792.00 892.00 100.00 
Maintenance & Bepair - Mat'l., Mach. & Equip. 685.00 710.73 25.73 
Maintenance & Repair - Mat'l., Bldgs. & Grounds 352.00 369.00 17.00 
Janitor Supplies 132.00 82.00 50. 00* 
Shipping Supplies 725.26 668.00 57. 26* 
Freight, Express and Cartage In 600. 00 584.00 16. 00* 
Telephone and Telegraph 100.00 224.90 124. 90* 
Taxes - Real Estate and Personal Property 1, 466. 08 1, 466.08 - 
Insurance - General 733.04 733.04 - Detail 
Group Insurance 1, 280. 00 1,250.00 30. 00* 
Depreciation Machinery and Equipment 11,241.50 11,241.50 - Not 
Depreciation Buildings 1, 466. 96 1, 466. 96 - 
Dues and Subscriptions (Factery Only) - 37.44 37.44 Shown 
Travel Expense 200.00 83.30 116. 70* 
Fuel and Water 700.00 667.00 33. 00* 
Power 975.00 833.00 142. 00* 
Rent 800. 00 800. 00 - 
TOTAL 65, 786. 61 60,331.17 5, 455. 44* 
* DENOTES RED FIGURE 











Fig. 7 . . Management, after referring to the summary report, will trace variances to the direct departments. 


and observing results in condensed 
form, management will desire de- 
tailed information for the purpose 
of clearly understanding the ele- 
ments involved and their effect on 
profit results. In the case of sales, 
for example, management will de- 
sire to know the gross profit con- 
tribution by new products, etc. Or- 
dinarily the ratio of gross profit 
varies as between products, hence 
to understand the total gross profit 
the relative importance of such 
products must be evaluated. 


Sales and Cost 

of Sales Analysis 
The source of the foregoing in- 
formation is Fig. 3, “sales and cost 


of sales analysis,” shown on page 46. 
This analysis explains the varia- 
tions in the standard cost of sales 
and the resulting gross profit. It 
analyzes the sales into major prod- 
uct classifications and reveals the 
standard cost and the standard gross 
profit for each product class. 

The gross profit usually varies 
among product classifications. Con- 
sequently, as sales of the higher 
gross profit items increase the total 
standard gross profit increases and 
vice versa. 

Very often management in scru- 
tinizing the conventional profit and 
loss statement will note a variance 
in gross profit ratio and will then 


call for an explanation. Such an 
explanation is impossible under the 
conventional method of treatment 
since the gross profit includes a 
composite of many variances. The 
only variances possible in a modern 
cost procedure, however, are varia- 
tions in ratios among the product 
classes, or the failure to maintain 
established selling prices. 


Selling prices may be measured 
by a selling price index or sales 
factor. By the use of the sales factor 
the amount which the actual selling 
price may be above or below the 
established price is determined. An- 
other application of the sales factor 
is the scientific determination of 
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the profitablility of individual prod- 
ucts from the point of view of utili- 
zation of plant facilities and pro- 
duction effort. (Note: the necessary 
inclusion of material costs in deter- 
mining gross profit many times con- 
fuses true profitability of a prod- 
uct.) 


Summary of 
Manufacturing Expense 


The summary of manufacturing 
expense shown in Fig. 6 summarizes 
the variances from standard as 
shown on the condensed profit and 
loss statement. This provides for 
management the essential facts with 
respect to costs incurred by the 
plant direct and indirect depart- 
ments as follows: 

*" Actual monthly expenditures. 

" Budgeted expenditures. for the 
month. 

® Variances from standard or from 
budgeted allowances for the month. 
® Variances from standard or from 
budgeted allowances for the year-to- 
date. 

The management control fea- 
tures of this report are described 
in the following: 
=" Direct materials at standard 
$140,000.00. This is the total of di- 
rect materials used in accordance 
with standard specifications, and 
priced at standard. It will be noted 
that the identical amount is shown 
under the heading, “budget”. The 
material cost variances will be ob- 
served by reference to the first two 
items under “manufacturing ex- 
pense—variable” discussed subse- 
quently. 
® Direct labor at standard $194,- 
050.00. This is the total expendi- 
ture for direct labor as allowed by 
the standard labor specifications. 
Variances are listed subsequently. 

The following comments relate 
to the balance of the cost compari- 
sons included under the caption, 
“manufacturing expenses”. It will 
be observed that these expenses are 
segregated as between “variable” 
and “semi-variable and fixed”. As 
has been discussed previously, the 
variable expenses are those which 
rise and fall with production vol- 
ume; the semi-variable expenses 
rise and fall in a certain relation to 
production volume, but not in pre- 
cise synchronization therewith. 
The fixed expenses, of course, are 
incurred regardless of the produc- 


tion volume as in the case of depre- 
ciation, which is the same whether 
the plant operates at 100% or 20% 
of normal capacity. 

It will be observed that both di- 
rect material and indirect labor 
variances from standard are in- 
cluded under variable manufactur- 
ing expenses. 
® Material variance—price $8,- 
500.00. This item reports to man- 
agement the fact that the purchas- 
ing department paid $8,500.00 in 
excess of standard for direct mate- 
rials purchased during the month. 
Complete explanation of such var- 
iances when a substantial amount 
is involved should be required from 
the purchasing agent, since poor 
buying may be indicated or a 
change in sales prices may be de- 
sirable. 

It should be understood that the 
material price variance may be han- 
dled according to the policy decid- 
ed upon by management. If the ma- 
terial price variance is taken di- 
rectly to profit and loss (as has been 
done in the illustrative statements 
herein) it will reflect a profit or a 
loss on the purchases for the cur- 
rent period. Another method of 
handling this price variance is to 
take the price variance to the bal- 
ance sheet and dispose of it to the 
profit and loss statement as mate- 
rial enters the cost of sales. 
® Material variance—usage $5,- 
750.00. This item reports that the 
production departments used a 
considerable quantity of direct ma- 
terials in excess of standard. Depart- 
ments incurring such excesses are 
listed in the detail “cost to manu- 
facture” reports subsequently de- 
scribed. Complete explanation of 
the kinds and quantities of excess 
materials may be readily obtained 
from the accounting department. 
As a matter of fact, the plant audi- 
tor in cases of unusual variances 
should accompany his report with 
an analysis of such excesses. 
® Direct labor variances—failure 
to equal standard $4,350.00. As will 
be subsequently described under 
“direct labor standards”, normal 
output required per direct labor or 
machine hour is established as 
standard. This variance reflects the 
cost of failure to reach the required 
standard output. The departments 
contributing to this excess are 
shown in the “cost to manufacture” 
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reports prepared for each direct « 
productive department. 

This variance is of the utmos 
importance in controlling direct lz 
bor costs, since it indicates the pri 
ductivity which supervision is a 
taining from the direct labor dolla 
expenditure. 
® Spoilage—$2,550.00. This vari 
ance reports the excess cost due t 
spoilage of material, etc. Wheneve: 
a direct labor employee perform 
labor upon material, etc., and such 
material is unsatisfactory and must 
be. scrapped, the original labor cost 
of such processing is lost. This var 
iance reports the amount so lost 
for the month. 
® Delays—$250.00. This item re- 
ports the excess cost of direct labor 
due to waiting for material, wait- 
ing for orders, waiting for machine 
repairs, etc. The extent of such idle 
time provides management with a 
valuable criterion as to the extent 
of efficiency in planning, schedul- 
ing, maintenance of machines, etc. 

The foregoing covers an outline 
of the control information cover- 
ing materials and direct labor pre- 
sented to management. It should be 
noted that these variances cover 
the entire plant, not individual de- 
partments, and are designed to re- 
flect in total for the month 
the controllable losses experienced 
through weaknesses in operation. 
These variances are variances from 
standards, not from budgetary al- 
lowances provided by the flexible 
budget. No budget provisions are 
included to offset these variances 
for obvious reasons. 

In the balance of the report the 
manufacturing expenses or burden 
items are analyzed. In the first col- 
umn the actual expenditure for the 
month is indicated; in the next col- 
umn the flexible budgetary allow- 
ance for the month; in the third 
column the variance from the 
budgetary allowance for the month 
and in the fourth column the budg- 
etary variance for the year-to-date. 

The remaining expense compar- 
isons on this report might be ana- 
lyzed in the same manner as the 
foregoing. The usefulness of the re- 
port should, however, be apparent 
from the foregoing discussion. 

At the end of the report, it will 
be observed that the total manu- 
facturing cost is segregated in a 
summary as between— 
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® Capacity variance 
® Direct material variance 
® Direct labor variance 
® Manufacturing expense variance 

The total of the standard mate- 
rial, labor and burden cost for the 
month is charged directly to the 
work in process inventory, since 
they represent the standard cost of 
manufacture for the month. The 
capacity variance reflects the differ- 
ence between the standard burden 
(used in the standard cost compu- 
tations of individual products) and 
the standard burden allowable to 
the plant at the actual production 
level attained during the period. 

In establishing the standard bur- 
den rate it is necessary that a pre- 
determined capacity level be used 
as well as a predetermined expense 
level. Should the sales department 
provide the plant with a volume 
less than the predetermined or an- 
ticipated average monthly volume 
there will be certain semi-variable 
and fixed expenses which cannot be 
reduced to the new capacity level 
and which must, therefore, be ab- 
sorbed by the smaller production 
and thus act to increase the unit 
cost of production for the current 
period. Inasmuch as the plant can- 
not be responsible for either a lack 
of sufficient production volume or 
a greater production volume than 
estimated in the burden rates, the 
cost due solely to actual volume 
varying from the predetermined 
volume is termed the capacity var- 
iance and for its correction the com- 
pany must look to the sales depart- 
ment. See note below. 

The capacity variance, therefore, 


tells management the cost effect, 
measured from the standard cost 
level, of either a lack of volume or 
an additional volume over the nor- 
mal standard capacity level. 

In the ordinary types of costing 
an amount termed “over or under 
absorbed burden” is shown as a 
part of the cost of sales and repre- 
sents the difference between manu- 
facturing expense at a _predeter- 
mined level and the actual costs in- 
curred. The difference between the 
manufacturing costs allowed at a 
predetermined level and the total 
costs incurred express in one 
amount all manufacturing expense 
variances and capacity variance 
thus destroying any possibility of 
analyzing causes for variances in 
manufacturing expense and, there- 
by, failing to provide any scientific 
basis for control of manufacturing 
expense. 

There are two elements in the 
total under or over absorbed bur- 
den: 
®" The production volume re- 
quired to meet the predetermined 
capacity level anticipated when the 
burden rates were established. 
(This we denote as a capacity var- 
iance, and have heretofore de- 
scribed it). 
® The ability of the manufactur- 
ing departments to meet the ex- 
pense allowances used in determin- 
ing the manufacturing burden 
rates. 

In the illustrative statement ca- 
pacity and budgetary expense vari- 
ances have been segregated, the ca- 
pacity variance being computed as 
$16,800.00 representing loss due to 
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lack of utilization of normal budg- 
eted capacity, and cost excesses of 
$30,290.00 including: 


Direct material excesses $14,250 
Direct labor excesses 9,100 
Manufacturing expense excesses 6,940 

$30,290 


These amounts. have _ been 
charged directly to profit and loss 
as previously commented on and 
represent the cost of operating 
weaknesses for the month. 

Norte: Where direct labor fails to 
perform at standard,this will also 
affect the capacity variance. 


Direct Departmental Cost 
to Manufacture 


These reports summarize the re- 
sults of operations for each direct 
department. There is included in 
Fig. 7 an illustrative report cov- 
ering the Department “A”. 

This report is almost identical 
with the summary of cost to manu- 
facture as described under the pre- 
vious caption. The summary re- 
port, in fact, is merely a summari- 
zation of the results shown by the 
various departmental reports. 

Management, after referring to 
the summary report, will trace the 
variances to the direct departments 
concerned. Since each direct de- 
partment is reported, management 
is thus enabled to gauge the effi- 
ciency of individual departmental 
supervision. All items shown under 
variable expense are directly con- 
trollable by the departmental su- 
pervisor except the cost included 
under the caption “‘proration from 
indirect departments”. The costs 
included under semi-variable ex- 
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Fig. 8 . . Typical daily (or weekly) direct and indirect labor control report with which management is provided. 
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pense are controllable in part, the 
extent of control being established 
in preparing the flexible budgetary 
allowances therefor. The fixed 
items are, of course, not control- 
lable directly by the departmental 
supervisor. 


Daily Labor Control Report 


Management is provided with a 
daily (or weekly) labor control re- 
port, similar in principle to the one 
shown in Fig. 8. This report shows 
by departments the following: 

Direct or producing departments 

Direct Labor 

Performance rating 

Actual direct labor 

Standard direct labor 

Variances in total—direct la- 
bor 

Explanation of variances 
(a) Failure to equal 

standard 

(b) Spoiled work 
(c) Idle time—breakdown 
(d) Idle time—material 
(e) Overtime 
(f) Other 


Indirect labor 
Actual indirect labor 
Standard indirect labor 
Variance 
Explanation 
Indirect or Non-Producing De- 
partments 
Indirect labor 
Actual indirect labor 
Standard indirect labor 
Variance 
Explanation 
Following is an explanation of 
the use of the form and the control 
data to be obtained therefrom by 
management: 
1. The report may be prepared 
daily or weekly to cover the 


payroll for the preceding day 
or week. 

2. The department name _ is 
shown in the first column. 


3. The percentage of actual cost 
or direct labor as compared 
with the standard is shown in 
the column headed “rating”. 
In the illustrative report, for 
example, if the heavy machin- 
ing department’s actual direct 
labor had been $671.20 and 
the standard was $635.00, their 
rating would be 94.6% of 
standard. This is computed as 
follows: 


635.00 
671.20 


by formula 


100 = 94.6% or 


x 100 = R where 


= Actual Direct Labor 

= Standard Direct Labor 

= %, of Rating 

The ratings for all direct de- 

partments are combined at the 

bottom of the form. 

4. The actual expenditure for di- 
rect labor for the day or week 
is shown in the column head- 
ed “actual”. 

5. The standard direct labor cost 
for the day or week is shown 
in the column headed “‘stand- 
ard”. (Computed by multi- 
plying completed production 
by the established standard di- 
rect labor cost per unit, or per 
the standard piecework or oth- 
er incentive pay basis). 

6. The difference between ‘“ac- 

tual” and “standard” direct la- 

bor cost is shown in the col- 
umn headed “variance”’. 
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MopERN MANAGEMENT CONTROI 


. A breakdown of the total “var 
iance” as computed under (6) 
is shown in the section head 
ed “explanation of variances’”’. 
This segregation is based on 
data recorded on the time 
cards in the direct depart- 
ments. 
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DISCUSSION 


Chairman: C. E. WEsTOVER, Westovei 
Engineers, Milwaukee. 

Co-Chairman: Wo. Bussy, Texas Found- 
ries, Lufkin, Texas. 

R. F. MUKLEMANI: Did I understand 
you to advocate taking no profit mark up 
on material? If so isn’t that losing a share 
of profit and isn’t it contrary to most gen 
eral practice in the foundry business? 

Mr. Daltrey: Yes, we do advocate taking 
no mark up on material. This does not 
mean, however, that your profit mark up 
should not be adequate and in most Cases, 
of course, it is what the market will allow 
in that particular case rather than what 
you would consider adequate. Perhaps 
most foundry practice is to mark up on 
all costs. The problem of including mate- 
rial in this cost base, however, may be 
evident if you consider making the same 
casting out of three different metals — 
gold, aluminum and gray iron. 

R. B. Hitt?: How do you justify rec- 
ommending that the sales department be 
given a figure representing only variable 
costs? Why not give them a total cost 
figure and let them vary the mark up? 
Would not a salesman show poor judg- 
ment in using such cost information? 


Mr. Daitey: I do not necessarily rec- 
ommend that the sales department be 
given variable and fixed costs for price 
determination. I do believe that a foundry 
management should know real variable 
costs in order to do a smart, effective and 
profitable job of selling castings. This in- 
formation is only a tool that must be used 
along with other information by manage- 
ment in pricing. By “management” I could 
mean general management, sales manage- 
ment, or the salesman himself, depending 
upon the company, the organization and 
the personnel. 


1. Cochrane Foundry, York, Penna. 
2. Canadian Foundries, Toronto, Canada. 
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THE EFFECT OF INLET AND OUTLET 
CONNECTIONS UPON FAN PERFORMANCE 


By 


W. E. Tracy 


The trend toward streamlined, mechanized foundry 
operation emphasizes the necessity of re-evaluating ac- 
cessory equipment. The increased speed of the opera- 
tions has created additional problems not considered 
important when production was limited. Some occupa- 
tional hazards incident to normal foundry practices 
have been multiplied. It is desirable to review these 
conditions in order to promote still higher production 
and to upgrade the general plant atmosphere. 

The exhaust fan is one of the accessory pieces of 
equipment that is becoming more prominent in found- 
ry considerations. The fan industry has been keeping 
abreast of the changing times, and the present day 
industrial exhauster is a far cry from previous models. 
It, too, has become more efficient and adaptable for 
the various applications to which it is subjected. It is 
capable of handling greater loads under more severe 
conditions and at higher efficiencies than ever before. 

The application of a fan to a system of duct work 
requires careful consideration on the part of the found- 
ry engineer and the fan supplier. A complete exhaust 
system consists of two elements or components, and a 
thorough understanding of each is necessary to be sure 
that the final desired results will be obtained. 

The first element of the system consists of the exhaust 
hoods, duct work, and dust collectors. The character- 
istics of the flow of air through this element are inde- 
pendent of the exhaust fan (although in a complete 
system the fan does create the flow). The resistance to 
flow of air through the duct work, hoods, and most 
collectors varies as the square of the volume of air flow. 


*Regional Application Engineer, Sturtevant Div., Westinghouse 


Electric Corp., Chicago, Ill. 
55-85 
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Fig. 1 . . Characteristics of a duct work system shows re- 
sistance to increase rapidly as volume increases. 


It is possible to illustrate a system graphically as indi- 
cated by Fig. 1. Notice that the resistance to air flow 
rises steeply as the volume increases and, therefore, the 
simplest system arrangement is necessary because high 
resistance is reflected directly by high fan horsepower. 

In actual practice the foundry engineer will deter- 
mine the volume of air necessary to remove the various 
dusts and contaminants from the source of trouble, 
then locate his exhaust fan and dust collector, connect- 
ing them with the hoods by means of sheet metal duct 
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Fig. 4 . . Short radius elbow on fan 
inlet concentrates air and loads the fan 
VOLUME wheel unevenly. 








Fig. 3 . . Relationship of fan and duct 
characteristics shows horsepower re- 
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Fig. 2 . . Performance characteristics 
of a typical “paddle wheel’-type ex- 
haust fan. quired for system. 
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Fig. 5..Short radius elbow at fan 
inlet reduces fan performance and in- 
creases horsepower. 


work. Having calculated the resistance of the system, 
he will have established a point of desired operation 
on the system curve (Point A, Fig. 1). 

The second element of the complete system is the 
exhaust fan which forces the air to flow through the 
system. The performance characteristics of a fan are 
illustrated graphically in Fig. 2. These curves relate 
the volume of air delivered to the pressure rise and the 
driving horsepower required and are drawn for any 
convenient fan speed. Note that as the volume de- 
livered by the fan increases, the pressure rises to a peak 
and then drops rapidly to zero when the fan is deliver- 
ing its maximum volume. The horsepower rises as the 
volume increases. The curves of Fig. 2 illustrate a typi- 
cal “paddle wheel” or industrial fan used in foundries. 
Other types of fans have different characteristics which 
may make them more applicable depending upon the 
duty involved. 

The established volume and resistance mentioned 
above is given to the fan supplier who refers to tab- 
ulated data and determines the proper fan selection. 
Actually his selection is only one point on the fan 
characteristic curves (Points A & B, Fig. 2). 

When the fan is installed on the system of duct work 
the two elements of the complete system have been 
brought together. Reference to Fig. 3 indicates the 


Fig. 6 . . Move elbow from fan or in- 
crease centerline radius to 1% pipe 
diam. to relieve elbow troubles. 














Fig. 7 ..Horsepower, volume, and 
pressure of this arrangement would 
be below basic fan curves. 


graphical relationship of the two elements. Note that 
the system curve crosses the fan characteristic pressure 
curve at only one point (Point A). This point is the 
required volume and resistance to air flow established 
by the foundry engineer and given to the fan supplier. 
Point B represents the horsepower required to drive 
the fan in order to force the required air volume 
through the system. 

When the engineering has been done well by both 
parties, and the duct work and accessory equipment 
installed correctly, the complete system will remove the 
desired volume of air from the source of trouble. It 
sometimes develops, however, that discrepancies arise 
and the system does not function as designed. Investiga- 
tions have quite often determined that faulty connec- 
tions to and from the fan may influence its perform- 
ance. It is impossible to establish accurate engineering 
data concerning the effect of poor connections without 
extensive research. This discussion, therefore, will re- 
view only in general terms the “do’s” and “don'ts” of 
fan connections. 

Strictly speaking, poor outlet connections do not 
affect the performance of the fan because the air has 
already passed through it. However, these connections 
do add turbulence to the air flow which cannot be de- 
termined. Accordingly the resistance of the system is 
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Fig. 8 . . Offset rectangular connec- 
tion is undersized and not vaned; 
allows heavy particles to settle out. 
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Fig. 9 . . Box connection reduces vol- 
ume and pressure delivered by fan, 
and increases horsepower require- 
ments (Points A and B). 
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Fig. 10 (above) ..To increase air 
volume, increase the box size and 
add vanes to straighten out air. 


Fig. 13 (right) .. Move elbow from 
fan outlet, rotate fan housing in the 
direction of elbow, or turn fan 
around so that air leaving the wheel 
is thrown down the elbow. 





Fig. 11 . . Short radius elbow on dis- 
charge outlet tries to reverse the di- 
rection of air from that of the fan. 
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Fig. 12. . Above installation creates 
turbulence in short elbow reducing 
volume, increasing pressure, and de- 
creasing horsepower. 
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Fig. 14..This installation does not 
allow exhaust air to straighten out 
before entering the close elbow. 
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Fig. 15... Turbulence introduced by 
the above arrangement reduces vol- 
ume and horsepower, and increases 
pressure slightly. 


+ 

















- 0 
= & 
/ 
11/2 DIA, MIN. 
_ 
= KE a 
— 


Fig. 16.. Moving the elbow five to 
ten diameters from fan will allow 
air to straighten out and eliminate 
turbulence. A fan of opposite rota- 
tion may also be used to advantage. 
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higher than calculated and therefore the fan does not 
deliver the desired air volume. The effect of these poor 
elbows has been included in this discussion inasmuch 
as the performance of the complete system is affected. 
Figure 4 illustrates a short radius elbow connected 
to a fan inlet. Inasmuch as air has mass, it will tend 
to concentrate at the far side of the elbow and will 
therefore load the wheel unevenly. Such an arrange- 
ment will reduce the performance of the fan, i.e. lower 
the volume and pressure delivered (Point A, Fig. 5) 
and at the same time raise the horsepower slightly 
(Point B, Fig. 5). To relieve this condition it is neces- 
sary to move the elbow back away from the fan inlet 
approximately five or ten pipe diameters. Such an ar- 
rangement will allow the air to straighten out before 
it enters the inlet. If the above changes are impossible, 
then the centerline radius of the elbow should be in- 
creased to a minimum of 114 pipe diameters (Fig. 6). 
If the elbow had been connected to the fan as shown 
in Fig. 7, then the horsepower, as well as the volume 
and pressure, would have been below the basic fan 
curves. To improve the fan performance, the same sug- 
gestions as given in the paragraph above will apply. 


Sizing and Vaning Connections 


The writer recently observed an installation as shown 
by Fig. 8. Such an arrangement with an offset rectangu- 
lar connection is poor practice. The connection was un- 
dersized and was not vaned. The volume of air being 
exhausted was considerably lower than that desired. Be- 
cause the connection was smaller than it should have 
been, the velocities of air were higher and the losses 
were greater than calculated. Furthermore, the air en- 
tered the fan inlet with a spin counter to the rotation 
of the wheel. Since fan performance is based upon the 
air entering the inlet in straight lines, it is obvious that 
the volume of air delivered was affected. 

Fortunately this fan was handling clean air; other- 
wise, dust might have settled out in the rectangular 
connection. The effect of a connection such as this is to 
reduce the volume and pressure delivered by the fan 
(Point A, Fig. 9) and increase the horsepower as illus- 
trated by Fig. 9, Point B. 

In order to increase the volume of air exhausted by 
this system, it was necessary to increase the size of the 
rectangular inlet box and to install turning vanes in the 
elbow to make sure that the air entered the fan inlet 
in straight lines (Fig. 10). The width of the inlet box 
across the fan inlet should be a minimum of one wheel 
diameter, and the box should extend out from the inlet 
at least one-half a wheel diameter. 

If the shape of the inlet box had been such that the 
air was given a spin in the direction of the rotation of 
the wheel, then the volume and pressure delivered by 
the fan would be reduced, together with the horsepower 
required to drive the fan. 

Quite often an installation is encountered wherein 
a short radius elbow is placed immediately at the fan 
discharge as illustrated by Fig. 11. The air leaving the 
fan outlet is still rotating in the direction of the wheel. 
An elbow of this arrangement is trying to reverse the 
direction of air flow; thus it creates a large amount of 
turbulence at this point. This turbulence represents a 
loss of energy which cannot be calculated and, there- 


FAN PERFORMANCI 








9 




















t 


GREATER THAN 
1/2 WHEEL DIA. 


t 





ne ae er ee a 
OBSTRUCTION 


Fig. 17... Volumes are reduced when the inlet is less 
than one-half the wheel diameter from an obstruction. 


fore, the volume of air delivered by the fan is reduced, 
although the pressure is higher (Point A, Fig. 12). The 
horsepower follows down its curve as illustrated by 
Point B, Fig. 12. . 

It is suggested that the elbow be removed from the 
fan outlet to a distance of approximately five to ten pipe 
diameters. The air will be flowing in relatively straight 
lines as it approaches the elbow and accordingly the loss 
due to turbulence will be eliminated. Another sugges- 
tion is to rotate the fan housing 45° or 90° in the direc- 
tion of the elbow, thus reducing the angle of the elbow 
or eliminating it altogether. Again the fan may be 
turned around so that the air as it leaves the wheel will 
be thrown directly down the elbow, eliminating the 
turbulence. The centerline radius of the elbow should 
be a minimum of 114 pipe diameters (Fig. 13). 

The writer has seen installations illustrated by Fig. 
14. Such an arrangement again introduces turbulence 
in the elbow and accordingly the volume is reduced, 
the pressure is slightly higher indicating this loss (Point 
A, Fig. 15), and the horsepower required to drive the 
fan is reduced along its curve (Point B, Fig. 15). 

Moving the elbow five to ten pipe diameters away 
from the fan outlet will allow the air to straighten out 
and this turbulence will be eliminated. A second solu- 
tion is to use a fan of opposite rotation which will allow 
the air to enter the elbow without a change in direction. 
The minimum radius of elbow should be 1% pipe 
diameters (Fig. 16). 


Fan Inlet Obstructions 


Open inlet ventilating fans are often installed in 
small penthouses or factory areas where there are ob- 
structions that may partially block the inlet. Such a 
condition will obviously not allow the fan to obtain 
the air required and therefore its delivered volume will 
be reduced. Laboratory tests indicate that the fan vol- 
ume begins to be reduced when the fan inlet is less 
than 50 per cent of the wheel diameter away from the 
penthouse wall or other obstruction. A good rule of 
thumb is to make sure that any obstruction is at least 
one-half the wheel diameter away from the fan inlet 
(Fig. 17). 

There are, of course, many variations of the above 
connections. However, a knowledge of the effect of 
the basic connections will be of assistance when these 
problems arise. Fan suppliers are generally in a position 
to be of assistance in the design of the system, and they 
will welcome the opportunity to be of service. 
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IMPROVING FOUNDRY PAPERWORK 


By 


M. E. Mundel* 


ABSTRACT 
The decision-making role of management is related 
to “knowledge”, “intelligence” and “communication”. 
The “communication” aspect is examined in respect 
to paper methods. Flow of forms, assignment of clerical 
tasks and formats are shown to have a vital role in the 
correctness, timeliness and cost of making decisions. 


Management function may be defined as the func- 
tion of providing the resources for work, planning in 
detail the work to be performed, predicting perform- 
ance against this plan, and controlling performance. 
In addition, it should be understood that modern 
management is usually concerned with the complex, 
integrated activity of a group of people and the em- 
ployment of a considerable amount of equipment. 

We could also say that management function re- 
quires coordination and control of people and facilities 
for sales, procurement, production and delivery. Num- 
erous other definitions could be offered. They will all, 
if adequate, indicate the need for coordinating and 
controlling. 

If we were to examine the mechanics of coordinating 
and controlling we would find a need for: 

a. Knowledge — the general information concern- 
ing how to do things or what is available — data of 
relatively stable quality. 

b. Intelligence — the specific data concerning what 
is to be done, when it is to be done, and how it is pro- 
ceding when being done, etc. In today’s situation this 
often consists of numerous details which must be 
further compiled into intelligible form. These data 
are relatively unstable. They relate to rapidly chang- 
ing conditions. 

c. Decisions — the conclusions reached, concerning 
action to be taken, from an examination of the in- 
telligence, by a person possessing the necessary knowl- 
edge. 

d. Communications — the means of transmitting 
intelligence so that those with knowledge may make 
decisions and the means of transmitting these decisions 
to achieve action. 


* Vice-Director, The Management Center, Marquette Uni- 
versity, Milwaukee, Wis. 
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We are ready at this point to state the general theme 
of this paper. It is contended that our industrial de- 
velopment in the Foundry Industry has been greatly 
aided by a steady flow of information. New alloys, 
sands, casting procedures and equipment have just 
about flowed upon us. Our product and product- 
process knowledge has grown extensively. The types 
of intelligence needed by management have been 
recognized and evolved. The modern industrial organ- 
ization’s structure permits the development of this 
intelligence. 

The job of decision making has been taken on will- 
ingly by the type of manager our democratic society 
has readily produced. However, the basic management 
functions of coordination and control have not been 
equally facilitated by in-plant communication proc- 
esses for bringing the required knowledge, intelligence 
and decisions to all members of management con- 
cerned. 

The examination of a communication system is not 
a complex task. Indeed, it is perhaps the essential 
simplicity of most communication processes which has 
lulled us into an attitude wherein we do not pay much 
attention to them as a “communication process.” We 
seldom bother to bring to bear on them the analytical 
approach which is so evident in the progress we are 
making on the production side. In many cases we 
may even spend more time than we should in coping 
with emergencies (which we probably do well) rather 
than planning a communication system which would 
indicate the possibility of an “emergency” and permit 
us to “nip it in the bud.” 

To examine as a prelude to improvement, or to 
design a written communication process requires, first 
of all, the realization that we will have to give atten- 
tion to: 

Formats — the design or layout of the physical 

phase of a communication; 

Method — the way in which each individual job in 
the communication system is performed; 
Procedure — the path taken by a communication; 

Work distribution — who does what, in a proced- 

ure and extent of each task. 
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THE GREY IRON FOUNDRY CORPORATION 
Wamasata, Wisconsin 


December 10, 1954 


ir. John Doe 
Any Corporation 
31U Any Street 
Anyplace, Wis. 


Dear wr. Doe: 

we are interested in reducing the cost of our 
office operation. On the other hand, we feel that 
our office fcrce are working hard and do not wish to 
ask them to work any harder. Consequently, we must 
reduce our costs by seeking better methods. 


The format of this letter may be one of the keys to 
cost reduction. 


Very truly yours, 


Richard Roe 
Generai Manager 


Fig. 1— Format of common letter. 
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THE GREY IRON FOUNDRY CORPORATION 
Wamasata, Wisconsin 


Decemoer 16, 1954 


Mr. John Doe 

Any Corporation 
816 Any Street 
Anyplace, Wis. 


We are interested in reducing the vost of our office 
operation. On the other hand, we feel that our office 
force are working hard and do not wish to ask them to 
work any harder. Conseyuently, we must reduce our 
costs by seeking better methods. 


The format of this letter may ve one of the keys to 
cost reduction. 


Richard Roe 
General Manager 


Fig. 2 — Improved letter format. 


Each of these aspects may be examined and im- 
proved. 

Improving the design of formats requires only the 
application of basic format design data. 

The study and improvement of methods and _pro- 
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cedures requires the application of a system of analysis 
suitable for such work. It is abundantly described in 
the literature of industrial engineering and office 
management. 

The study and improvement of work distribution 
requires a simple analytical technique after we have 
identified our jobs and procedures, although in large 
offices random sampling procedures, as proposed by 
Heiland and Richardson, may be vitally necessary.* 

Let us look at a few applications in order to gain a 
better idea of what is available to management seeking 
to improve. Some of these examples are exceedingly 
simple yet have astounding possibilities. 

In respect to format, it is not generally recognized 
that a change in the format of our most common com- 
munication, the business letter, can make possible a 
25 per cent reduction in typing time. The common 
format is shown in Fig. 1. The format of Fig. 2 will 
take 25 per cent less time to type. Other improve- 
ments are possible, even in this case. 


* Heiland, R. E. and Richardson, W. J., “The Integrated 


Method of Clerical Work Appraisal,” Lehigh University, 1954. 
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We often fail to obtain reasonable economy in. the 
format of our printed forms. The purchase order 
shown in Fig. 3 is not unusual. However, this format 
could be revised as shown in Fig. 4. This change 
would reduce the cost of typing by 25 per cent; one 
person could type 33 per cent more purchase orders 
in a given time without increased effort. 

In the study of a payroll system in a foundry, a 
foundry engineering consulting firm found that the 
procedure consumed 612 man-hours per month. By 
changing (1) the forms used to other forms not costing 
any more; (2) the procedure in which the work was 
done; and (3) the work distribution among the em- 
ployees, this was reduced by 241 hours per month. 
This saving would permit either the use of fewer 
people or the more rapid development of intelligence 
into intelligible form, with the consequence of more 
timely decisions. 

In Fig. 5 we have a graphic representation of a labor 
accounting system as used in a small foundry. By 
combining and redesigning forms the more rapid, less 
complex and less costly system shown in Fig. 6 was 
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Fig. 4— Improved purchase order. 
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Numerous other illustrations could be cited but it 
is felt that the specifics of any illustration are only of 
passing interest. The illustrations cited have been 
given to support the contention that improvements are 
possible and to indicate the various types of improye- 
ments which may be made. Literature concerning the 
analytical methods of achieving such improvements 
is readily available. It remains but to use it. 

Management seeking to improve its communication 
processes either to reduce costs or to improve manage- 
ment performance need only to follow these steps: 

1. Recognize communications as an area to be con- 
tinually improved. Indicate for scrutiny, high-cost 
communication activities and areas where more speed 
or better digested intelligence is required. 

2. Assign the responsibility for the study of such 
activity to an individual (who may well have other 
duties, particularly in the small shop) and see that 
this individual obtains access to presently available 
materials concerning the improvement or design of 
communications. Many universities have short courses 
in this type of activity for people from industry. 

3. Support his activity. Much will depend on the 
attitude of top management. Remember that many of 
those in the communications process regard it as either 
a superfluous activity or see such a small part of it that 
they become proprietary about their function. By and 
large, communication processes represent an area for 
cost reduction or management improvement subject 
solely to management's desire and effort. Customer 
acceptance, product peculiarities do not affect it. The 
improvements are there for the taking. 


Suggested Reading List 

1. Graham, Ben S., Paperwork Simplification, The Standard 
Register Co., Dayton 1, Ohio. 

2. Herrmann, Irvin A., Office Methods, Systems, and Pro- 
cedures, The Ronald Press Co., New York, N. Y. (1950) . 

3. Knox, Frank M., Design and Control of Business Forms, 
McGraw-Hill Book Co., New York 11, N. P. (1952). 

4. Mundel, M. E., Motion and Time Study, Prentice-Hall 
Publishing Co., New York 11, N. Y. (1950) . 

5. Neuner, J. J. W. and Haynes, B. R., Office Management 
and Practices, South-Western Publishing Co., Chicago, Ill. (1947) . 

6. Peterson, R. L., Modernizing Office Procedures, University 
of Illinois Business Management Service Bulletin (Contains read- 
ing list) . 

7. Peterson, R. L., Office Work Standards, University of Illi- 
nois Business Management Service Bulletin (Contains reading 
list) . 

8. Richardson, W. J. and Heiland, R. E., The Integrated 
Method of Clinical Work Appraisal, Lehigh University (1954) . 

9. Ross, H. John, How to Make a Procedures Manual, Office 
Research Institute, Inc., Miami, Fla. (1952). 

10. U. S. Dept. of Army (Government Printing Office) , Tech- 
niques of Work Simplification, DA-20-300, Washington, D.C. 


DISCUSSION 


Chairman: J. A. Westover, Westover Engineers, Milwaukee. 

Co-Chairman: J. J. Farkas, Cincinnati Milling Machine Co., 
Cincinnati. 

C. W. McVicar! (Written Discussion): Mundel’s paper high- 
lights the present day thinking of management on improving 
communications. In recent years we have tried to use more 
expeditious communication channels. We have emphasized the 
need for, and have encouraged men working with us in staff or 
line positions to improve the three-way nature of communica- 
tions — up, down and sidewise, throughout our organizations. 
Too often we have found that many of the communication 


1. Rockwell Mfg. Co., Pittsburgh. 
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systems thus established have not been effective. 

How do we improve such a condition? Mundel, in his con 
cluding remarks, said, in part, “We improve communications 
by assigning the responsibility for the study of communications 
to an individual and we see that he has access to available 
material or university courses on communications.” I feel that 
most men need more training in management development 
than Mundel has indicated. 

Let us consider communication with words. Years of self 
training are required so that we learn to use words to com 
municate with maximum understanding. Concise understanding 
and correct words must be used to explain from the general 
to the specific, from intension to extension, whether they are 
nouns, verbs, adjectives, or complete statements. Our associates 
when communicating, must learn to objectively select the cor- 
rect wording to state facts as distinguished from inferences o1 
opinions. 

Other fields which require time, effort and ability in which 
to become proficient in communications are: 

1. Problem-solving techniques as they relate to complex busi 
ness situations. 

2. Decision-making methods. 

Experience is not our best teacher. In fact, experience is our 
very worst teacher. When problems are solved and decisions are 
made that are based on facts, we often find that they are much 
better than, and different from, those that we would have made 
based on our experiences. 

Every piece of printed paper used in your plant needs to be 
studied, analyzed, and possibly re-designed so that it will save 
you money in typing time and provide better control of pro- 
duction. Improved relations with your customers will be another 
dividend from this program because they will get better de- 
liveries as a result of the improved paper work within your 
company. 

M. E. ANnicH? (Written Discussion): The author is to be 
commended on the clarity, brevity and content of his paper. 
Without trying to improve on the author in his written pres- 
entation of his paper, but merely to add emphasis to his 
conclusions, I would state four steps, instead of three, for 
management to follow, in getting a program of this nature 
started, and rearrange them as follows: 

1. Recognize communications as an area to be continually 
improved. 

2. Assign the responsibility for investigation and improvement 
in this area to one individual. 

3. Make available to him material from the suggested read- 
ing list — or other possible sources of information and training, 
such as college and university short courses. 

4. Support his activity. Notice the word is support not just 
condone. 

M. T. SeLL*: Top management must sell the castings produced. 
and they must sell enough castings, at a nominal profit to con- 
tinue their business and permit it to grow with the industry. 
How will they know how many castings to contract for or 
promise the customer? How will they know how much to charge 
the customer for the castings? These and many other questions 
must be analyzed and determined by those who are responsible 
for the various departments — but where do they find the 
answers? 

All this must be accomplished through proper paperwork. 
This paperwork has its beginning in the plant with the pro- 
duction worker (or checker if they are used). The individual 
job breakdown must be such that we know how much time it 
takes or should take to complete a certain casting or order of 
castings. If we have various types and sizes of core and molding 
machines, different methods of cleaning, etc., we must know 
which method was or should be used, and our experience with 
the particular job. 

This information must be compiled and the proper distribu- 
tion (both hours and money) made if we are to develop the 
proper burdens for these various methods of production. Deter- 
mination of the various burdens necessary will dictate the de- 
gree of labor distribution (paperwork) which will be necessary 
to gather the proper information. 

Much can be accomplished in this field, but as Mr. Mundel 
has stated, top management must be interested and must sup- 
port such a program if it is to be successful. 


2. American Brake Shoe Co., Mahwah, N. J. 
3. The Sterling Foundry Co., Wellington, Ohio. 








FEEDING RANGE IN SHELL MOLDS 


By 


R. E. Morey, H. F. Bishop, and W. S. Pellini* 


ABSTRACT 

The riser feeding range in shell molded plate castings 
of eight different alloys was investigated by radiography 
of transverse sections. Exact feeding ranges could be 
determined by this technique only for those alloys which 
develop centerline shrinkage (steel, manganese bronze 
and nodular irons). 

It is indicated that realistic feeding range values for 
the bronze and aluminum alloys which solidify with the 
presence of dispersed porosity can be determined by 
means of specialized hydraulic pressure tests. Gray iron, 
because of the time and mode of graphite formation, is 
“self feeding” and feeding range is essentially infinite 
in uniform sections. 

It is concluded that feeding range data obtained for 
conventional sand mold castings are applicable to shell 
mold castings. 


Introduction 

It has been demonstrated!-? that the feeding 
characteristics of risers are related to the nature of 
wall growth of the solidifying metal. When wall 
growth is such as to develop a wide band of inter- 
mixed liquid and solid, feeding is difficult due to the 
obstructed paths for feed metal flow. Conversely, a 
narrow band of intermixed liquid and solid provides 
more open paths for feed metal flow thereby per- 
mitting greater feeding ranges. Thermal studies* have 
indicated that the wall growth mechanism of a solidi- 
fying alloy is related basically to the rate of heat 
transfer from the casting to the mold. 

Iron chill molds for example are capable of re- 
moving heat from solidifying alloys at rates such that 
solidification, depending upon the type of alloy, oc- 
curs up to 20 times as fast as for sand molds, changing 
wall growth characteristics from a wide band to a 
narrow band type. Thermal studies also have shown+ 
that shell molds backed with steel shot reduce the 
solidification times of several common foundry al- 
loys by amounts up to 40 per cent of their solidifica- 
tion times in conventional sand molds. An example 
for the case of nodular iron is shown in Fig. 1. 

While the change in heat transfer rates in shell-shot 
mold systems is relatively small compared to the 


*Metal Processing Branch, Metallurgy Division, Naval Research 
Laboratory, Washington, D.C. 
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change obtained by the use of chill molds, the possi- 
bility existed that this difference may be of sufficient 
magnitude to result in feeding characteristics dif- 
ferent from those in sand molds. Since much research 
has been conducted on the feeding range of risers for 
steel castings in sand molds, it was considered of in- 
terest to determine whether these data are also appli- 
cable to steel castings made in shell molds backed 
with steel shot. Accordingly, the feeding range of 
risers on steel plates cast in shell molds was de- 
termined in order to establish this correlation. 

Since there are very little data available relative to 
the distance which risers can feed castings other than 
steel, either for the case of sand or shell molds, the 
work was extended in an attempt to determine these 
data for plate castings of other metals. These studies 
included G bronze, gray iron, nodular iron with high 
and low carbon equivalents, 444% copper-aluminum, 
7% silicon-aluminum and manganese bronze. 


Experimental Procedure 


The shells for the test castings were made with a 
washed and graded silica sand, AFS No. 150, mixed 
with 7 per cent of a shell molding resin. Figure 2 
illustrates a pattern plate, a shell and one of the test 
castings. The shells were approximately 14 in. in thick- 
ness and were cured at 450 F for 30 to 45 seconds. 

Sixty-four different pattern assemblies were re- 
quired to produce the necessary variations in plate 
thickness and corresponding feeding range. This was 
done on two pattern plates by attaching and removing 
the pattern parts as necessary. The shell molds were 
placed in steel boxes which were then filled with 
steel shot and compacted by vibration. 

Shells were made for plate castings having thick- 
nesses of 14, 34, 1 and 11% in. Each plate had a width 
of five times its thickness and was fed with a riser 
having a diameter equal to three times the plate 
thickness. The length of the plate was varied from 
three to eight times the casting thickness, and the 
maximum length which could be made sound was 
considered to be the feeding range of the riser. To 
determine the condition of soundness, two parallel 
saw cuts were made through the riser and casting to 
remove a slice approximately 1% in. thick and a trans- 
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NODULAR IRON-HIGH CARBON EQUIVALENT 
$= SHELL MOLD - SHOT BACKUP 


“ALL SHELLS 4" THICK 


FEEDING RANGE IN SHELL MOLDs 


Fig. 1 — Comparison of solidi- 


fication rates of nodular iron in 
sand and shell molds. 




















Fig. 2— Pattern, shell and 
casting for feeding range tests. 


verse radiograph was made of this section. 

The nominal compositions of the various alloys 
and the pouring temperatures employed are shown in 
Table 1. 


Feeding of Alloys Exhibiting Centerline Shrinkage 


Of the alloys listed in Table 1, only steel, manga- 
nese bronze, and the two nodular irons exhibited the 
true centerline type of shrinkage (Fig. 3). Figure 4 
shows typical conditions of soundness of alloys of this 
type when casting lengths are in the vicinity of the 
critical lengths. It can be noted that as the critical 
length is exceeded shrinkage develops and becomes 
more clearly defined with a further increase in length. 
Several plates having lengths near the critical were 
cast. While there was some variation in the maximum 
plate length which could be made sound, it did not 
exceed +14T. 


TABLE | — CHEMICAL ANALYSES AND POURING "TEMPERATURES 











Pouring 
Composition, % Temp., 
Al C Cu Fe Mn Si’ Sn Zn F 
Steel 0.25 Balance 0.80 0.60 2900 
Gray Cast Iron 3.70 Balance 0.30 2.35 2400 
Nodular Iron, 

High CE 3.35 Balance 0.40 2.55 2500 
Nodular Iron, 

Low CE 2.90 Balance 0.35 2.10 2500 
G Bronze 89.1 8.2 2.7 2000 
Manganese Bronze 0.7 57.3 0.8 0.4 0.2 40.6 1800 
Aluminum (Cu) 95.5 4.5 1300 
Aluminum (Si) 93.0 7.0 1300 
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The presence or absence of centerline shrinkage in 
the plates made with various combinations of length 
and thickness and cast with alloys exhibiting center- 
line shrinkage are indicated on the graphs of Figs. 5 
to 8 inclusive. It can be noted that the results ob- 
tained for steel plates (Fig. 5) are in close agreement 
with the data obtained for similar plates cast in sand 
molds.5 For thicknesses of 1 in. and greater the feed- 
ing distance is 414 times the plate thickness (414T) 
and 51% to 6T for the 34 and 14-in. thick plates. How- 
ever, the deviation from the 414T rule does not exceed 
| in. even for the case of the thinnest plate. 

The average feeding distances in plate castings 
made of manganese bronze, high carbon equivalent 
and low carbon equivalent nodular irons, Figs. 5, 7 
and 8 are 514T, 614T and 6T respectively. It should be 
noted that the feeding ranges in the thinner plates 
in all cases tend to exceed the average by about 144T 
while the 114-in. thick plates are 144T below the aver- 
age distance. Figure 9 illustrates the slight amount of 
shrinkage observed in a 1-in. thick nodular iron plate 
having a length 144T above the maximum feeding 
range. 

The data for nodular irons differ from similar feed- 
ing range data obtained by Shnay and Gertsman® for 
horizontal plate castings made in sand molds. These 
investigators found that the maximum feeding range 
was essentially independent of casting thickness, being 
414 to 51% in. for plates 14 to 11% in. thick; in terms 
of T the feeding ranges reported by Shnay and Gerts- 
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Fig. 3 (left) — Typical center- 
line shrinkage. 
Fig. 4 (right) — Transverse ra- 
diographs of 1-in. thick plates 
and risers. Plate lengths (lett 
to right) 4% in. 5 in. and 5% 
in. 
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Fig. 5— Condition of soundness of steel plates of various 
lengths and thicknesses. 
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Fig. 7 — Condition of soundness of nodular iron (C. E. 4.20%) 
plates of various lengths and thicknesses. 
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Fig. 6 — Condition of soundness of manganese-bronze plates 
of various lengths and thicknesses. 
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Fig. 8 — Condition of soundness of nodular iron (C. E. 3.60%) 
plates of various lengths and thicknesses. 
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Fig. 9— Radiograph of nodular iron plate showing initial 
centerline shrinkage at 642T. 


man for 4%, | and 1%-in. plates would be 10T, 
514T and 3T respectively. 
Feeding of Gray lron as Compared to Nodular Iron 


Despite the fact that gray iron has essentially the 
same analysis as nodular iron, gray iron plates were 
found to be sound in lengths up to 8T (the maximum 
lengths tested). From theoretical considerations it is 
believed that the feeding ranges in uniform sections 
made of gray iron are very great, if not infinite. The 
reason for the differences in feeding characteristics 
of gray and nodular irons is due to the differences in 
the mode of formation of flake and nodular graph- 
ite.7.8 

Flake graphite forms directly from the eutectic 
liquid and the resultant increase in volume can force 
the movement of interdendritic liquid to either fill 
or prevent the development of shrinkage cavities. 
Graphite nodules, however, while “born” in liquid 
undergo the major portion of their growth cycle by 
malleabilization of the carbide eutectic phase. 

Since the nodules are not in contact with liquid 
during this period it is not possible to readily force 
the movement of liquid into shrinkage voids. The 
result of these different solidification modes is that a 
gray iron casting can be considered essentially “self 
feeding” after the eutectic reaction temperature is 
reached while nodular iron castings behave in this 
fashion only to a limited extent. Obviously, a volu- 
metric expansion must accompany the formation of 
the low density graphite nodules even though they 
grow from solid metal and it has been shown? that a 
volume expansion of the casting does accompany 
nodule formation. 

Since the nodules grow in size near the surface of 
the casting at a time when the casting center is par- 
tially molten, an inward expansion as well as an out- 
ward movement of the solid wall must occur at this 
time to force some reaction upon the remaining liquid. 
Apparently there is a sufficient amount of nodule 
growth and inward expansion occurring within the 
casting before the end of its solidification to result in 
a limited amount of “self feeding”. 

The extent of such feeding is reflected in the in- 
creased feeding range of nodular irons as compared 
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to steel. This behavior is logically accentuated with a 
closer approach to eutectic composition which would 
account for the fact that the high carbon equivalent 
iron has a slightly longer feeding range than the low 
carbon iron. 

Feeding Distance of Non-Ferrous Alloys 

X-ray examination of castings made of the two 
aluminum alloys and gun metal bronze showed 
broadly distributed interdendritic porosity in all cast- 
ings, regardless of their length and thickness. Such 
porosity is inherent to the subject alloys and originates 
both from gas precipitation and interdendritic shrink- 
age. These alloys in the molten state readily dissolve 
large amounts of gases, while upon solidification the 
amount of gas which can be retained in solution is 
very small; hence the excess gas is rejected to form 
porosity voids. In addition, the thermal properties of 
these alloys, i.e., high conductivity and/or long solidi- 
fication range, results in an extremely mushy type of 
wall growth which makes feeding to complete sound- 
ness very difficult in molds having low thermal dif- 
fusivity. 

On the basis of the transverse radiographic tests the 
feeding range of aluminum and bronze alloys is ef- 
fectively nil. Admittedly this test is very sensitive 
since it can detect porosity which is not visible on 
radiographs taken in the normal manner. Moreover 
it should be recognized that x-ray evidence of dis- 
persed porosity in non-ferrous castings does not nec- 
essarily imply that leakage is a certainty. In fact such 
x-ray evidence is often misleading, an observation 
which led the authors to conclude that there is no 
substitute for actual pressure tightness tests for evalu- 
ating leakage characteristics of non-ferrous alloys.?+9 
Accordingly, feeding range studies of non-ferrous cast- 
ings prone to leakage have been conducted by pres- 
sure tests as a realistic approach to the problem. 

In order to determine the pressure tightness range 
for bar castings in previous studies, 14-in. thick cross- 
sectional slices were removed from the bars at 3-in. 
intervals along their lengths and if all such slices 
from a given bar could withstand 400 psi hydraulic 
pressures the bar was considered sound. Plate-like 
castings having a thickness of | in. were examined by 
reducing their thickness to 14 in. by removing equal 
amounts of metal from each surface and subjecting 
them to a hydraulic pressure of 400 psi. Absence of 
leakage indicated soundness. Such criteria for sound- 
ness are extremely severe since they expose to hy- 
draulic pressures the centerline portions of the cast- 
ings which are the locations of most difficult feeding. 
Thus it can be assured that castings passing these 
tests are of the highest practical degree of soundness. 

In the present study 4x 4x 14-in. specimens were 
removed from the centerline region of 34-, 1- and 114- 
in. thick plates, 6T in length, which had been cast 
from the same heat into both sand and shell molds. 
All of the specimens were able to withstand 400 psi 
hydraulic pressures despite the presence of porosity 
(Fig. 10). On the basis of this evaluation it would be 
concluded that the feeding range in G bronze plates 
in terms of pressure tightness is at least 6T for the 
case of 34- to 11%-in. thicknesses. 
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Fig. 10 — Radiographs of '%4-in. thick pressure test specimens 
removed from geometric center portion of 6T plates of various 
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thickness. Top row castings were made in regular sand molds, 
bottom row in shells with shot backup. These plates withstood 


hydraulic pressures of 400 psi. 


The feeding range in non-ferrous alloys was not 


explored further since pressure tightness in these al- 
loys is influenced to a great extent by the gas content 
of the melt which has not been subject to exact 


control by practical foundry methods. This subject is 
discussed in companion papers®:1° which describe a 
new procedure for obtaining low gas contents in the 
melt and also the improvements in the soundness and 


Fig. 11 — Comparison of shrink- 

age in 6142T and 7T manganese- 

bronze plates. Left, two castings 

made in regular sand; right, two 

castings made in shell mold with 
shot backup. 
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pressure tightness obtained in castings poured with 
such melts. 


Comparison of Sand and Shell Mold Castings 


The difference in heat transfer characteristics of 
conventional sand molds and shell molds apparently 
is not sufficiently great to affect feeding ranges. This 
is evidenced by the fact that the feeding range of 
steel plates is 444T in both cases. It may be assumed 
that the formulas developed for feeding ranges in 
sand cast steel bars,11 joined sections,12 padded sec- 
tions13 and chilled sections14 are applicable to shell 
mold castings without modification. 

Spot checks on other alloys have indicated no 
significant differences in feeding characteristics re- 
sulting from the two mold media. Figure 11 for ex- 
ample shows x-rays of strips removed from identical 
manganese bronze plate castings made in both sand 
and shell molds. It may be observed that not only is 
the severity of the shrinkage within the casting alike 
(casting lengths were in excess of the feeding range) 
but the appearance of the shrinkage in the risers is 
also the same. 

Summary 

1. The feeding ranges in 1%- to 114-in. thick shell 
molded plates cast of alloys which exhibit centerline 
shrinkage are as follows: 


EE iw ss hedaa bn depe eed tnns 4144T 
Manganese Bronze ......... 5144T 
Nodular Iron (CE = 4.2) ... 614T 
Nodular Iron (CE = 3.6)... 6T 


where T = plate thickness 


2. Gray iron can be fed for essentially semi-infinite 
distances due to the fact that graphite precipitation 
results in “self feeding”. 

3. Aluminum-7% silicon, aluminum-4% copper and 
G bronze develop uniformly distributed porosity 
irrespective of casting length. Feeding distances based 
upon transverse radiography examinations are essen- 
tially of nil value. Pressure tightness tests indicate 
feeding distances on the order of 6T or greater; how- 
ever, gas content is known to be an important variable 
in this respect. 

4. Feeding range data obtained for conventional 
sand molds are applicable to the case of shell molds. 
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R. C. SHNAy! and S. L. GertsMAN? (Written Discussion): The 
authors of this paper are to be congratulated on another signifi- 
cant contribution to the science of risering. However, there is 
one statement which we believe warrants further discussion. 
Conclusion number 4, states that “feeding range data obtained 
for conventional sand molds are applicable to shell molds.” The 
justification for this statement is that steel castings in both sand 
molds and shell molds show feeding distances of 414 T. As far 
as other alloys are concerned this conclusion is stated to have 
been confirmed by spot checks. 

It should be pointed out that the castings made in shell 
molds were gated at the end opposite the riser. The castings 
made in conventional sand molds were gated under the riser.4 
The effect of gate position was investigated in the previous 
paper,e and it was found to be negligible. However, this was 
thought to be due to the turbulent condition rather than the 
heat flow conditions. The implied extension of this finding to 
vertically poured castings in shell molds deserves further in- 
vestigation. 

The generalization of concdusiond to other alloys is not 
warranted in the case of nodular iron. Two papers have been 
published®,c and a third is about to be publishedd which present 
data on the feeding range of nodular iron plate castings in 
conventional sand molds. These data differ markedly from the 
results reported for the shell molded castings. The conventional 
sand-molded castings were poured in a horizontal direction with 
the gate and riser at the same end. It is difficult to see the 
justification for concluding that the feeding distance of nodular 
iron castings is the same for both types of molding media. 
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CASTINGS IN AIRFRAME DESIGN 


By 


G. W. Papen* 


ABSTRACT 

The author believes that airframe designers are 
making optimum use of castings today and that further 
expansion of this very desirable form of fabrication can 
be accomplished only by improvement in casting mate- 
rials and techniques. This paper covers the current 
use of castings as background material for establishing 
the criteria required to expand the use of castings in 
airframe construction. Limitations due to materials and 
present day casting techniques are explored and definite 
recommendations made as to ways and means of ex- 
panding the use of castings in aircraft structure. 


Castings in airplanes are an interesting combina- 
tion of the old and the new—one of the oldest metal- 
working techniques and one of the newest of man’s 
great inventions. Some bushy-haired ape called pre- 
historic man poured the first castings earlier than 
3000 BC. The Chinese were the first to cast iron 
around 500 AD. The lost wax or investment casting 
method goes clear back to Benvenuto Cellini and the 
18th century. Even such “recent” developments as 
centrifugal, permanent mold and die casting methods 
are old by aircraft standards. Aluminum, first of the 
light metals, was being cast commercially in 1900. 
True, Icarus is said to have experimented with flight 
even before the Chinese cast iron, and Leonardo da 
Vinci experimented with the theory of flying ma- 
chines when Cellini was still a boy. Nevertheless, the 
science of flight has been reduced to economical prac- 
tice only within the last quarter century. 

How is this interesting combination of old and 
new working out? Are we in aircraft making full use 
of the casting industry's facilities and know-how? Are 
the foundries moving forward to meet the needs of 
the aircraft industry for larger, stronger, thinner wall 
castings? What is the future for castings in airframes? 
These are the questions we will discuss here—the an- 
swers constitute a challenge to the casting industry. 

Casting would seem to be an ideal method for air- 
frame parts. Almost nothing in an airframe is straight 
—aerodynamics demands complex curvature; rigorous 
weight considerations demand exact placing of ma- 
terial to meet varying loads, leading to steps, tapers, 
irregular shaped holes and recesses. These conditions 
spell CASTINGS. These are the conditions which 
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are hard to meet with the wrought products—sheet, 
plate, bar, extrusions. Then why do castings consti- 
tute only 4 per cent of the airframe weight? 

We base our choice of method—casting, forging, 
machining, etc.,—on cost. We choose the cheapest 
method which will perform the function. But, our 
engineers are constantly fighting weight—hence, every 
material process and method must be balanced on the 
scales labeled “‘cost per pound.” This is a figure which 
represents the amount of money we are willing to 
pay to reduce the airframe weight by one pound. So, 
in determining which of several alternate methods 
is cheapest, we must adjust the basic manufacturing 
cost by adding the “cost per pound” factor. Too often 
the casting, although cheaper to manufacture, is 
enough heavier that the adjusted cost puts the cast- 
ing out of business. So anything the Foundry Industry 
can do to reduce the weight without reducing 
strength—to guarantee the aircraft industry stronger, 
denser, cleaner castings—will increase the use of cast- 
ings in airframes. 

If the Foundry Industry can also go beyond present 
limits of size and shape, so that we can combine the 
flexibility of the casting process with the economies 
inherent in single-unit construction to cast whoie wing 
structures, then the ancient process will take its right- 
ful place in our fledgling industry. 

In 1952 the Aircraft Research and Testing Com- 
mittee set up a project to survey the use of castings 
in aircraft and to establish the reason for the ap- 
parent limited use of this metal working process. ! 
As a result of the survey the ARTC W-70 Subcom- 
mittee was established to make a thorough investiga- 
tion of the data collected and to make recommenda- 
tion for further action by the aircraft industry. This 
paper is based on general findings and recommenda- 
tion of the group to date. 

The aircraft industry is using castings today which 


TABLE 1 — WeIGHT OF CAstTINGs UsED ON AIRFRAME 
Weight, Ib 











Material High Low Typical 
Ferrous 2303.24 0.31 10 to 50 
Magnesium 2312.22 3.61 125 to 300 
Aluminum 3178.00 20.70 200 to 600 
Other Non-Ferrous 183.77 3.00 30 to 100 
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Fig. 1 — Castings quant:ty and cost (all types) per airplane 
(four current models). 

represent the highest state of the casting art. From 

Table 1 it can be seen that the total weight of cast- 

ings per airplane is considerable. Figure 1? portrays 

the increased use of castings at the author’s company. 

The weights and dimensions of the heaviest and 
largest castings of any type using present techniques 
are listed in Table 2. Although significant increases 
in size and/or weight over these castings were re- 
ported by some of the companies as under investiga- 
tion and development, it would seem evident that 
the industry in general is now designing and using 
castings close to the presently available size and weight 
limits. It is logical to assume that really big increases 
in weight and size of castings are dependent on im- 
proved foundry techniques or the development of new 
alloys. Every commercially available method and tech- 
nique has been investigated and all have found some 
application. (See Table 3). It is apparent then that 
the airframe industry is making full use of available 
alloys and foundry techniques. 

It is apparent, too, that improvements will have 
to be made in casting methods and techniques if we 
are going to increase appreciably the use of castings 
in airframes. These improvements can be broken down 
into two categories: (1) doing the same thing better, 
(2) doing things we could not do before. 

Doing the Same Thing Better 

Many parts, where castings look like the obvious 
answer, end up as forgings, extrusions, sheet metal 
or hogged-out parts because the castings can not quite 
compete on a strength, weight or cost per pound basis. 


TABLE 2 — MAXIMUM WEIGHT AND SIZES OF INDIVIDUAL 
CasTINGs UsEp IN AIRFRAME 








Material or Largest Smallest 
Casting Weight, Size, Weight, Size, 
Method lb in. Ib in. 
Ferrous 517.0 27x25x18 0.74 5 Dia. 
Alum. Alloy 185.0 54 Dia.x814 0.94 34x83, Dia. 
Magnesium 97.0 50 Dia. x5 2.49 6 Dia. 
Other 

Non-Ferrous 179.0 {ft Dia.Ring 3.5 4 Dia. 
Sand 517.0 27x25x18 9.7 12x12x36 
Perm. Mold 97.0 54 Dia.x84 ~—0.78 2x6xl4 
Die 3.313 18x3x.25 0.156 4x4x2 
Investment 5.0 3x5xl4 0.05 Ixl 
Centrifugal 7.0 7 Dia. 0.25 3x3 
Shell 0.25 6Long _ = 
Other 178.0 8x7x13/ - — 





CASTINGS IN AIRFRAME DESIGN 


TABLE 3 — BREAKDOWN BY PER CENT OF VARIOUS 
CastTInG MetHops Usep IN AIRFRAME CASTINGS 








Casting Method High, % Low, % Average, % 
Sand 98.0 29.6 76.7 
Permanent Mold 47.6 2.2 13.4 
Die 33.8 0.45 6.4 
Investment 12.2 0.5 2.8 
Centrifugal 7.0 0.1 0.6 
Shell* 0.5 — a 
Other** 0.7 — 


*Usage of shell mold casting reported by one company. 
**Method of casting not identified. 





Result: Our airplanes are more expensive and the 
foundries lose business. In making an economic com- 
parison between different materials, types of struc- 
ture, etc., there are at least five indices which may 
be considered (See Table 4): 

1. Cost/Pound. 

2. Strength/Weight ratio. One expression of this 
factor might be in terms of load transmitted multi- 
plied by the distance of transmission per pound of 
weight. This would be numerically equivalent to Al- 
lowable Stress Density and would have the dimen- 
sions of Pound Inches/Pound. 

3. The quotient of the first two indices: Cost /Pound 
Inch of load carrying capacity. 

4. Penalty/Pound, which would be the sum of 
Cost/Pound and Dollar Value/Pound of weight sav- 
ing. 

5. The quotient of the fourth and second indices: 
Penalty/Pound Inch of load carry-in capacity. 

(Indices 4 and 5 are shown in Table 4 for two 
values of “cost per pound”, the figure which repre- 
sents how much we are willing to pay to reduce air- 
frame weight by one pound. The two values, $10 per 
pound and $50.00 per pound, cover the range used 
by different manufacturers for different airplanes.) 

Average values of these indices for magnesium al- 
loy castings, aluminum alloy castings, aluminum alloy 
forgings and aluminum alloy sheet metal construction 
are given in Table 4. 

The costs per pound of finished castings and forg- 
ings were derived from price and cost records. The 


TABLE 4 — PouNpD/Cost EVALUATION OF CASTINGS 
With OTHER METALLIC Forms 





For Value of For Value of 
Weight Saving Weight Saving 
= $10.0/lb = $50.0/Ib 
Strength Cost Penalty Penalty 
Cost* Kx  $/Kx Penalty $/Kx Penalty $/Kx 
Material $/lb in./lb in, $/Ib in. $/Ib in. 








Magnesium 

Castings S$ 8.65 507 .0171 18.65 .0368 58.65 -1158 

Aluminum 

Alloy 

Castings $ 7.56 33 .0229 17.56 0531 57.56 1745 

Aluminum 

Alloy 

Forgings $7.27 750 .0097 17.27 .0230 57.27 .0764 

Aluminum Alloy Sheet 

Metal Assemblies 

Joint Effi- 

ciency= .70 $25.29 539 .0469 35.29 .0655 75.29 .1397 
*All cost and weight are for finished parts including all 
operations. 
K = Force in 1000’s of Pounds 











G. W. PAPEN 


cost per pound of sheet metal structure was derived 
from cost estimates on a fighter airplane. 

The strength-weight ratios were based on ultimate 
tensile strengths of AZ 91C-T6 and 7075-T6. 

Joints may reduce the efficiency of sheet metal 
structure as much as 30 per cent. 


Better Casting Quality Required 

Analysis of these data indicates that an increase of 
20 per cent in strength (a value already considered 
practically attainable) and a reduction in cost of cast- 
ing and subsequent operations (inspection, machin- 
ing, processing) of 49 per cent will make aluminum 
castings competitive with aluminum forgings. Natur- 
ally, as we are dealing with average cost, castings will 
be competitive with forgings, in many instances with 
considerably less improvement than indicated. New 
casting alloys and experimental techniques may shift 
the balance toward castings: we will talk about those 
factors later. But the biggest hope for increased use 
of castings lies in improving and expanding existing 
techniques to get better quality. By better quality 
we mean: 

1. Higher strength through better control of chem- 
ical analysis and elimination of foreign inclusions. 

2. Higher strength through reduction in porosity. 

3. Smoother surfaces. 

4. Less warpage. 

5. Closer tolerances. 

It is encouraging to know that one or more of the 
methods now in existence will give us the quality im- 
provements we need. For example: 

1. Tolerances and surface finish are largely func- 
tions of mold cavity tolerances and finish. Shell and 
permanent molds of high quality are well known. 

2. The advantages of casting in an inert atmos- 
phere have also been established. 

3. The use of centrifugal force is known to offer, 
in part, the following advantages: 

a. Consistently higher density and high quality ma- 
terial throughout. (Lighter dross stays in sprue 
at centerline.) 

b. Thinner walls and fine detail because the con- 
trolled pressure is greater than static. 

4. Many defects in castings can be overcome by 
the application of technical know-how such as im- 
proved gating and risering. This know-how is not 
known to the same extent by all foundrymen and is 
rarely applied to the fullest extent on any part. 

5. Precise control of a method improves quality 
and assures consistent results. This is being demon- 
strated daily in all types of manufacturing. There is 
every reason to believe that consistently high quality 
cast parts can be produced if the method used is 
accurately controlled. This ultimately affects the in- 
spection problem also. 

It is doubtful if any one foundry incorporates all 
of these features in its foundry method. The eco- 
nomical production of certain simple cast parts may 
not require all five. But it is obvious that production 
of castings of consistently high quality is possible only 
by incorporating more of these features in existing 
foundries. 
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In order to guarantee high quality castings, we 
need better inspection and improved inspection tech- 
niques. This js a subject which should concern both 
the foundryman and the manufacturer of aircraft. The 
subjecting of castings to inspection at the foundry 
and on the aircraft plant receiving dock should, first 
of all, be uniform. To obtain this condition, coopera- 
tion is needed between the foundry and the manu- 
facturing plant, both in present methods and in de- 
veloping improved techniques of inspection. Among 
the improved techniques available are submerged ul- 
trasonic method, fluoroscope, reflectroscope and _ ra- 
diographic techniques. These methods are still under 
study to determine their value in the casting inspec- 
tion field. 

Improved Inspection Methods Needed 

There is concern expressed for the need of expen- 
sive x-ray inspection of castings and the hope is held 
that improvement in casting technique and foundry 
practices will result in the production of castings 
consistently sound, thus reducing the cost of inspec- 
tion using this method. The development of an in- 
spection method for determining porosity in hydraulic 
cylinder castings is needed to replace the conventional 
methods which prove to be inadequate in many cases. 
In general, there is a need for: improved inspection 
methods and techniques; reduced cost of inspection; 
and better cooperation between the foundry and the 
aircraft plant in application and development of in- 
spection methods and techniques. 


TABLE 5 — CasTING REJECTION RATES 





No. of 


Vendor Pieces ™ Rejects 





Sand and Permanent Mold 





l 72,923 19 5 » 
2 6,953 1.8 ] 

3 1,761 29 10 to 5% | 

f 61,624 1.5 a 

5 641 0.0 45 | 

6 5,350 6.8 

7 18,813 8.5 \5 to 10% | 

8 5,517 9.7 } a 

9 13,714 10.2 > (Rejections 
10 7,606 15.5 | 82% 
11 3,786 16.1 \10 to 20°; 
12 13,641 17.8 | 
13 13,980 18.5 | 
14 9,055 24.3 | 

15 2,601 35.8 
16 156 50.6 

17 1,994 63.9 


240,115 Total 


Die Castings 
18 5,226 8.1 
19 9,180 14.5 


14,406 Total 


f 12.2%, Average 


Investment Foundries 


20 30 83 
21 1,077 18.0 
22 870 23.7 
23 6,575 25.1 +28.6% Average 
24 9,119 29.0 
25 12,311 31.0 
26 953 35.2 


30,935 Total 
285,456 GrandTotal 
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A recent compilation of casting rejections, at the 
author’s plant, is perhaps timely. See Table 5. The 
rate of rejection for all vendors using the various 
processes, sand, permanent mold, investment and die 
cast is 10.6 per cent as of November 1954. This covers 
a total of 285,456 pieces which were received from 
26 vendors. The first nine vendors (sand and perma- 
nent mold) show a rejection rate of 4.5 per cent 
and these are our largest suppliers of castings. Vendors 
10 to 13, inclusive, (sand and permanent mold) show 
from 10 to 20 per cent rejection. Vendor 14 shows 
24.3 per cent; vendor 15 shows 35.8 per cent; 16 
shows 50.6 per cent and 17 has a 63.7 per cent re- 
jection. The seven investment foundries show a total 
rejection rate of 28.6 per cent; the lowest rejection 
rate was 3.3 per cent and the highest 35.2 per cent. 
There were only two die-cast foundries shown, one 
of which had a 8.1 per cent rejection on 5,226 pieces 
and the other 14.5 per cent for 9,180 pieces for an 
average of 12.2 per cent. When we remember that 
this very high rejection rate was at the customer’s 
dock, it justifies the conclusion that we need better 
control of casting quality. 


Acceptable Surface Finish Measurement Required 


There is need also for an acceptable method of 
surface finish measurement for castings. A majority 
of the airframe industry indicate the use of the root 
mean square system of surface finish measurement. 
However this system is used only because of the lack 
of a better and more applicable method. Among other 
suggestions, a system of surface smoothness measure- 
ment based on standard sample visual comparison 
charts has been proposed. The development of a 
surface finish measurement standard for use on cast- 
ings should be given high priority by both the foundry 
and aircraft industries. 

We have told you why you should give us better 
castings and in what way they should be improved. 
Now, as befits a brash young industry speaking to its 
elders, we will proceed to tell you how to do it! Se- 
riously, we believe we have not only the duty to 
request aid and assistance from our elders, but the 
right to question, criticize and needle. This way we 
may help you achieve the results we know are ob- 
tainable if cooperation, interest and competitive spirit 
are aroused. Therefore, the next few topics to be 
discussed are our observations on what the foundry- 
men are doing wrong, or are not doing, and what we 
think you should do about it. 

To increase the use of castings in aircraft, con- 
sistently good castings must be produced. 

The standards of acceptance for castings is now 
based on the percentage of defects existing in all 
parts. The various types or classes of castings are 
based upon the amount of defects allowable for each 
class (1A, etc.) . 

Due to the defects such as porosity (which is the 
most prevalent) , foreign inclusions, etc., it is necessary 
to apply a casting factor when designing parts as 
castings. This casting factor (to cover the defects) 
increases the weight of the parts, and on the basis of 
a strength-weight ratio or on the cost based on the 
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price per pound for aircraft, the casung 1s defeated 
and either a forging or a machined part takes its 
place. 

Assuming the design of the part is the best that can 
be obtained as regards solidification of the metal, 
then the responsibility for producing a perfect casting 
lies with the foundries. 


Best Foundry Controls Must Be Exercised 

To produce the perfect casting the best of foundry 
controls must be exercised, and possibly methods and 
processes not now in use may be necessary. 

It is the writer’s belief that the foundry should 
first be kept as clean as possible, using only the ma- 
terials and metals which are to be in the final part 
in one section of the foundry at any particular time. 

The next step would be to exercise the best of raw 
material controls (ingot), paying particular attention 
to the chemicals of each lot received and segregating 
it so no mixup will result. There are many alloys 
for aircraft and commercial uses, but for high strength 
critical castings only the metal with the “top” analysis 
should be melted and subsequently poured. 

Melting of the metal is the next consideration; 
this should be done with the utmost care, being 
careful not to overheat and burn out some of the 
chemicals. Pouring temperatures for molds will vary, 
dependent on size and configuration and should be 
decided after a few test pieces are poured, then ad- 
hered to religiously on all subsequent pours. 

Chemical tests and mechanical test bars should be 
taken each hour to maintain the proper melt in the 
pot. One of the West Coast foundries which casts 
nothing but aircraft parts is doing this and the results 
of their tests are all in the top range for the metals. 
Test results showing 42,000 to 50,000 psi ultimate 
tensile strength are the normal occurrence and not 
the exception. 

Preparation of the mold in either the sand or 
permanent mold process is very important. In the 
case of sand, the quality, binder materials, grain size 
and moisture of the sand has to be closely controlled 
for the various parts. This may vary considerably 
from parts of one size and configuration to the next. 
Drying and smoking of the mold has shown decided 
beneficial qualities in the case of some parts. 

In permanent mold casting we believe more time 
should be spent in correcting difficulties within the 
mold by the foundry and not being satisfied with a 
mediocre casting. 

Manner of pouring of the molten metal into the 
molds can, in the case of a large casting, determine 
success or failure. Where two or more men are needed 
to do the pouring, they must have their pouring 
closely timed or turbulence may be caused within the 
mold resulting in porosity and failure. The pouring 
of the metal slowly into a sprue which is too large 
will cause absorption of gas into the metal. 

The presence of dross or foreign inclusions in the 
part denote only one thing—dirty housekeeping. 

Castings with inclusions should never be presented 
to the inspection department for acceptance any more 
than castings showing large amounts of porosity 
should be submitted. 
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Close inspection by the foundries will prevent poor 
grade castings, even though they may meet the cus- 
tomer’s requirements, from getting into his plant. 

To sum up the above, the writer believes the 
foundries should direct their efforts toward the best 
of metal control, foundry control, and the develop- 
ment of foundry techniques that will first decrease 
and eventually eliminate the ramdomness of defects 
and thus justify the elimination of the casting factor. 

The foregoing may read like a handbook on “What 
Every Good Foundryman Should Know.” However, 
it can not be passed off lightly. We are not getting 
the results we need because the foundries are not 
following these basic “Do and Dont’s.” 

Elimination of the casting factor will automatically 
increase the use of castings in aircraft. Other develop- 
ments such as controlled heating of molds, better 
degassing, and/or ultrasonic treatment may raise the 
level of design properties and result in higher design 
allowables. 

Doing Things We Could Not Do Before 

So much for “Doing the Same Things Better.”’ The 
other area for large increases in the use of castings 
lies in “Doing Things We Could Not Do Before.” 
Here is the kind of thing we are talking about. 
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1. Develop stronger casting alloys and improve 
casting techniques with the aim of achieving 
physical .properties comparable with wrought 
products. 

2. Develop techniques for producing thinner wall 
castings to closer tolerances. 

3. Develop equipment, methods and techniques to 
produce large precision castings several times 
larger than presently available. 

Successful utilization of these developments would, 
of course, depend on solution of the quality problems 
discussed previously. In Table 6 we have tried to evalu- 
ate how much improvement will have to be made in 
each of these factors in order to give the optimum 
increase in use of castings. 

Increased size brings problems of additional tech- 
nical know-how and enlarged facilities. Fortunately, 
casting facilities can be enlarged at reasonable cost 
when compared with the cost of enlarging other types 
of manufacturing facilities. Problems of technical 
know-how, as related to size do not appear to be 
difficult. Any overall casting program should include 
the problems of size. 

Some progress has been made in the development of 
castable alloys that offer a higher strength-weight ra- 
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Fig. 2 — Proposed skin panel. 
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SAND CASTING 
MATERIAL — MAGNESIUM’ ALLOY SAND 
CASTING - DOW R OR 
; AZ9I- AS CAST. 
WEIGHT 7.4 LB 
FINISHED MACHINED PART 
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SECTION C- 
tio. It is reasonable to believe that a concentrated 
effort of planned research in this direction would 
yield alloys that reach the 50 per cent to 100 per cent 
increase the aircraft industry asks for. 

Difficulty in obtaining castings of an unusual config- 
uration, alloy, heat treat or tolerance has been en- 
countered by most of the aircraft companies. From 
the remarks included in the replies! it would seem 
that improvements anticipated in casting methods, 
techniques, etc., will solve some of the problems en- 
countered and it seems safe to assume that consider- 
able technical progress will have to be made by the 
Foundry Industry to achieve the thin walls, dimen- 
sional accuracy, and other factors so necessary to the 
aircraft industry. 

The inability of aircraft manufacturers to obtain all 
types of castings to the requirements needed is based 
on underdevelopment of foundry techniques and cast- 
ing methods. Large investment castings, large thin 
wall castings, as-cast contours, good surface finish and 
close tolerances are the major configurations or re- 
quirements which are not obtainable. With improve- 
ments in foundry practices, techniques and casting 
methods it might be assumed that some of these pro- 
curement problems will be solved. 

The following methods of casting are mentioned as 
showing the best promise for obtaining the desired 
improvements in castings: centrifugal permanent 
mold, shell molding, precision sand casting, and large 
investment casting. 

With the improved tolerances noted in Table 6, 
and assuming that the other improvements are 
reached, an important savings in weight and cost could 
be achieved. Weight savings up to 25 per cent is 
looked for while reduced machining costs ranging 
from 5 per cent to 75 per cent is anticipated. If savings 


ings, centrifugal permanent molds 
and shell moldings will encounter 
a serious limitation in sources of 
procurement. The limitation to single source will not 
be as acute as more foundries begin using these tech- 
niques in the future. There are several light metal 
alloys which would probably find considerably greater 
use in aircraft if they were not essentially a single 
source material. 

We have shown you how the airframe designers 
decide when to use a casting, why castings so often 
lose out in spite of apparent natural advantages. We 
have tried to show what improvements and develop- 
ments are necessary or desirable, and have tried to 
convince you that there is a very large potential for 
the use of castings in airframes. 

The airframe manufacturer’s interest and concern 
in castings is that necessary improvements may not be 
accomplished with optimum dispatch unless the found- 
ries show a willingness to go more than halfway to 
obtain these. 

The possibilities of increasing the usage of castings 
are very great and opinions vary from 100 per cent 
increase to many times that amount as exemplified by 
the largest applications, such as-cast wing structures. 
The main difficulties that prevent this increase are 
low strength-weight ratio, casting factors, poor toler- 
ance and size limitations. It appears that these factors 
can be eliminated or greatly reduced by a reasonable 
application of research and development effort and 


TABLE 6 — IMPROVED REQUIREMENTS IN VARIOUS 
PROPERTIES OF CASTINGS TO GAIN OPTIMUM 
INCREASE IN USE 








Factor High Low 
Strength to Weight Ratio 100% 25% 
Casting Factor 25% 0 
Improved Design Proportions 30% 10% 
Reduced Tolerances 50% 10% 
Larger Size 1000% 100% 
Improved Surfaces 100 RMS 40 RMS 
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ELEVATOR “D" TUBE 

SAND CASTING 

MAT'L 356~-T6 ALUM. ALLOY 
WEIGHT — 12 LBS. 
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Fig. 4— Elevator “D” tube sand casting; material 356-T6 aluminum alloy; weight 12 Ib. 


in the application of technical and quality control in 
the foundries. The ultimate attainment of these im- 
provements would result in greatly increased usage of 
castings and a wider application of them in aircraft 
construction. The additional applications for castings 
made with the improvements outlined include cylinder 
and valve bodies, wing panels (Fig. 2) and stabilizers, 
access doors, missile parts, hydraulic fittings, landing 
gear retracting parts, landing gear doors and struts, 
door locks and hinges, beams, surfaces, (Fig. 3) con- 
trol components, (Fig. 4) engine mounts, bellcranks 
and levers. Other primary structural parts, included 
in the new applications for castings cover fuselage 
frames, bulkheads, rotor fittings, transmission gears, 
landing gear parts, tank doors and hatch covers. 

Although the main job of developing castings into 
a more useful design tool is up to the foundries, 
we have not dumped the whole responsibility into 
your lap. 

Individual airframe companies are conducting 
rather extensive investigation and developments with 
their own resources as well as under the sponsorship 
of the BuAer and AMC. A few of these projects 
picked at random include the following: 

1. Casting materials undergoing investigation in- 
clude EZ 33A magnesium, ZK 60A magnesium, 
C4A and GIOA aluminum alloy. 

2. Casting methods under study include, shell 
molding, centrifugal permanent mold, magnes- 
ium investment casting and the development of 


large precision investment castings. 

. Static and fatigue testing of castings. 

4. The relationship between radiographic density 
and tensile strength of castings is being investi- 
gated. 

5. A test program of degassing of metal by use of 
the standard fluxes and vacuum-plus ultrasonic 
treatment of the metal to attempt to arrive at 
better methods of producing higher property 
castings. 

6. Airframe industry is cooperating with the Cast- 
ings Potentials Project being sponsored by AMC. 
The W-70 Casting Committee of the Aircraft Re- ' 
search and Testing Committee is preparing a casting 
specification for 356-T6 sand and permanent mold 
aluminum castings. This specification will establish 
the minimum mechanical properties for various ma- 
terial thickness of the castings as shown below: 


Ow 


Tensile Properties (Minimum) 








Casting Ultimate Tensile Yield % Elonga- 
Thickness, Strength, Strength, tion in 
in. psi psi 2 in. 

0 through 0.124 36,000 24,000 5.0 
0.125 through 0.259 34,500 23,000 4.5 
0.250 through 0.499 33,000 22,000 4.0 
0.500 through 0.749 31,500 21,000 3.5 
0.750 through 1.00 30,000 20,000 3.0 





This is an improvement over present specifications 
which do not take advantage of variations in prop- 
erties with metal thickness. It is also intended that 
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Fig. 5 — Comparison of dive break casting vs. sheet metal. 


these values be used without any casting factor. 

With the specification, standard casting tolerances 
have been developed for the average casting which 
is widely available from most any foundry and close 
maximum allowable tolerances have been developed 
for precision castings. As can be seen, the activity with- 
in the aircraft industry in connection with casting 
research and development covers quite a wide range 
of casting problems. The successful completion of 
these research projects and the cooperation of the 
Foundry Industry in putting the findings into prac- 
tice could result in a marked increase in the use of 
castings of all types and material. 

There is no question that most of the foundries 
will have to spend a tidy sum to clean up and es- 
tablish good controls; and, if their efforts are exerted 
toward producing a top quality product, they will get 
results in the form of increased business. It is the 
writer’s belief that the commercial users of castings 
will welcome a better product as well as the aircraft 
companies. 

There are two schools of thought on research in 
the manufacturing area. One of these is to do only 
that research and development which is required to 
meet a current problem. The second is to analyze 
trends, forecast requirements and to conduct research 
and development in anticipation of these require- 
ments. We believe most foundrymen are of the former 
frame of mind. Hence, the improvement in quality of 
product is forced under duress of schedule and de- 
livery requirements. The customers’ demands set the 
pace but at a point which is always detrimental to 
optimum effort. On the other hand, would it not be 
more productive of advancement if some of the effort 
made to meet present demands would be spent in de- 
velopment of new techniques in advance of the de- 
mand and if you were in a position of selling a po- 
tential customer on new applications for castings made 
possible by improvements in technique? 

The writer heard it said that the successful advance 
of weldments was at the expense of castings. If this is 
true, and he is inclined to believe it is, it can be at- 
tributed to one very important consideration. The 
weldment people developed, experimented and im- 
proved welding techniques and welding equipment 
and then they went out and sold the customer on 


using these new techniques and they continue to im- 
prove and continue to sell. They did not stop their 
effort after making a better weldment of something 
that was already a weldment, but they sold weldments 
in place of other types of fabrication. The dive brake 
(Fig. 5) which was first built from bits and pieces of 
sheet metal and extrusions was finally produced as a 
casting. This represents an advance into a new field. 
Let us have more of it. 

We have heard on numerous occasions that casting 
is an art. If it is, it is only because insufficient effort 
has been made to collect, investigate, collate, study 
and scientifically catalogue nearly 5000 years of effort. 
Metal, when heated to a liquid state and poured into 
a mold and allowed to cool to a solid state, must 
follow some natural physical laws. People closely con- 
nected with the foundry industries as well as laymen 
ask: Why are rolled, forged and extruded products so 
widely used when after all they started from a cast 
ingot. We would like to propose the same question in 
a different way. Why, with 5000 years of background 
and experience, are castings used primarily in the 
production of ingot which will have to be further 
pummeled, formed, rolled, forged, machined or other- 
wise worked to produce products which could be cast? 
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DISCUSSION 


Chairman: M. E. Brooks, Dow Chemical Co., Bay City, Mich. 
Co-Chairman: E. V. BLACKMUN, Aluminum Company of Ameri- 
ca, Pittsburgh, Pa. 


L. H. McCreery (Written Discussion): The author is to be 
complimented on his excellent presentation of a very real prob- 
lem. The commenter wishes to add a very emphatic “amen” to 
most of the statements made by the author. 


With specific reference to Table 2, the commenter wishes to 
point out that his company is currently using a 1-piece magne- 
sium casting weighing approximately 170 lb as compared with 
the 97-lb casting shown. It is true that this large casting is used 
in a missile airframe rather than the conventional piloted air- 
craft airframe; however, the requirements are approximately the 
same. This particular casting is a hollow outer wing panel and 
is composed of both skins, strengthening ribs and webs, and a 
solid hinge section. It contains approximately 100 sq ft of sur- 
face area and is roughly a foot thick with skin thicknesses rang- 
ing between 0.20 and 0.25 in. The inspection of such a casting 
presented several problems which were resolved only after close 
cooperation between the foundry and the user. 


Although a few non-ferrous foundries have “seen the light” 
and are currently producing close-tolerance, x-ray sound, mini- 
mum weight castings for aircraft use, only a sprinkling of fer- 
rous foundries will even take the time to discuss the problem. 


Although the author does not specifically highlight the aircraft 
steel casting problem, I would like to make a plea to the steel 
casting industry for serious consideration of the problem faced 
by the aircraft industry. Daily our need is increasing for sources 
of high quality, x-ray sound, close tolerance, smooth surface steel 
castings heat treatable to R,- 40 to 50 for use in applications 
where due to high temperatures or space limitations the cur- 
rently available non-ferrous castings are not suitable. We, at 
Chance Vought, feel that if future aircraft are to be produced 
at costs which will not be totally unacceptable, steel castings such 
as those described above must be made available at the earliest 
moment possible. 


|. Supervisor, Engineering Structures Materials, Chance Vought Aircraft 
Corp., Dallas, Texas 
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Wo. HoLzHauer (Written Discussion)2: Foundrymen producing 
aluminum castings for the airframe industry should find this dis- 
cussion by Mr. Papen of great interest. In this paper, Mr. Papen 
emphasizes the need for castings of better and more uniform 
mechanical properties. He has well defined the requirements of 
the airframe industry with respect to such high strength castings 
and thereby establishes more definitely the goals toward which 
the foundry industry must strive. 

The interest of foundrymen in these requirements and in the 
attainment of these goals is demonstrated, I believe, by the sev- 
eral other papers which form a part of the program of this Light 
Metals Session. I am sure these reflect only a portion of the 
overall activity of foundry people everywhere in attempting to 
improve the strength and reliability of castings. As Mr. Papen 
has indicated, some of these goals are already being achieved 
by certain producers and in certain specific products. For ex- 
ample, Mr. Papen has indicated that development work is under- 
way in certain quarters with A.S.T.M. alloy GIOA which we des- 
ignate Alcoa 220 alloy. We know from our experience with this 
alloy that it offers an attractive combination of properties to the 
airframe designer and we know, too, that it requires rather spe- 
cial foundry techniques if these properties are to be attained 
consistently. Work leading toward more general understanding 
and application of this alloy should be rewarding to both the 
airframe industry and the foundry industry. 

Other approaches to this problem, currently under investiga- 
tion, should also prove valuable in the near future in meeting 
some of the goals Mr. Papen has defined. In our own labora- 
tories and foundries in response to this demand of the aircraft 
industry, a great deal of work on both alloys and processes is 
in progress. Several promising new alloys are rapidly approach- 
ing the final stages of development, as are certain radically new 
approaches to the casting problem. These approaches to the 
problem of higher strength castings are presently such as to 
require individual study of each casting and, of course, can be 
applied only where such development expense is warranted. Such 
practice necessarily requires a great deal of contact and close 
cooperation between the foundry and the customers’ design en- 
gineers. As the knowledge mutually gained in these contacts 
grows, it is natural to expect the field of application of such 
special processes to expand. 


2. Manager, Vernon Works, Aluminum Company of America, Vernon, Calif 
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Layout of new experimental foundry of General Motors Corp. 


Process Development Building 
at General Motors Corp. Tech- 
nical Center in which Experi- 
mental Foundry is located. 
Tower wili house cupola, air 
polution control equipment 
and laboratory. 


*Supervisor, Experimental Foun- 
dry, Process Development Sec- 
tion, General Motors Corp., 


Warren, Mich. } ; 
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Fig. 2 (right)... Main bay of 
foundry. Dust collection equip- 
ment is on balcony at right. 


Fig. 3 (below) . . Metal storage 
bins are served by bridge crane 
and electromagnet. 














@ Improvement in foundry techniques had progressed 
at a relatively slow rate until the start of World War II 
when the-demand for high quality castings encouraged 
many of the larger foundry companies to set up re- 
search and development facilities which have contrib- 
uted tremendously over the last 15 years. Today ex- 
tensive experimental foundry facilities are supported 
by most of the large producers of castings. General 
Motors Corp., being both the largest producer and the 
largest consumer of ferrous castings in the world, real- 
ized the need for experimental foundry facilities to 
maintain their competitive position in the automotive 
industry. Such a facility is now in operation as part of 
the General Motors Technical Center near Detroit. 

This experimental foundry is part of the Process De- 
velopment Section shop and foundry building. An area 
120 ft x 240 ft of the building is devoted to the ex- 
perimental foundry. The facilities in this area were 
planned to permit the casting on a simulated produc- 
tion basis of any ferrous casting in size up to the eight 








cylinder engine block. Facilities have also been pro- 
vided to permit the casting on a jobbing shop basis of 
parts such as machine bases up to two tons in size. 
Aluminum castings up to 300 Ib in weight can be 
handled readily and copper-base alloy castings up to 
500 Ib are also produced. 

It was felt that an experimental foundry to be of 
maximum use to all the General Motors divisions 
would have to have a pilot production operation as 
well as a flexible array of jobbing shop facilities. It was 
hoped that the experimental foundry would have 
equipment of sufficient capacity to handle any casting 
made in General Motors on a production basis. 

Approximately 19,000 sq ft of first floor space is 
under a monitor bay having 32-ft clear head room. The 
bay around the perimeter of the building proper has 
a head room of 19 ft. This is shown in Fig. 1. A 69-ft 
penthouse will provided for future installation of a 
cupola (Fig. 1). It has two floors, the charging floor at 
an elevation of 33 ft, and a dust collection laboratory 
at an elevation of 48 ft. The cupola is planned for the 
near future. 

The balcony, shown on the right in Fig. 2, supports 
the dust collection equipment. Three different models 
of wet type collectors have been installed to handle 
both the dust collection and the ventilation. As an 
extra precaution against spreading dust-laden air over 
the Technical Center site, all of the ventilation air 
from the mold conveyor tunnel and hoods that is 
normally exhausted to atmosphere is put through wet 
dust collectors. A total of 138,000 cfm of air is ex- 
hausted from the foundry. Approximately 38,000 cfm 
of air is supplied from the outside as compensating air 
at the pouring hood, drag shakeout, and in the mold 
conveyor tunnel. One hundred thousand cfm of filtered 
and heated air is supplied to the foundry along the 
south wall. 

Two bag-type dust collectors have been installed on 
the laboratory floor of the penthouse to handle the air 
from the electric furnace hoods shown in the right 
foreground of Fig. 3. 

The foundry consists of the following areas: (1) 
Material storage area; (2) Melting area; (3) Core 
room; (4) Production molding line; (5) Cleaning room; 





(6) Shell mold area; (7) General project area and 
jobbing floor; (8) Laboratories; and (9) Pattern shop. 


Storage Area. Sufficient storage space has been pro- 
vided to permit the foundry to operate at full melt 
capacity (with cupola) for a 30-day period. In the fore- 
ground of Fig. 3, are nine concrete pits providing 
storage for the melt materials. Each pit is 9 ft square 
by 12 ft deep. A 5-ton, cab-operated crane with preci- 
sion control spans this area. It is equipped with a 
motor-generator set for operating an electromagnet. 

Two steel sand bins, one with a capacity of 500 tons 
and the other of 300 tons, are shown in the background 
of Fig. 3. A pneumatic sand handling system transports 
sand from a below-the-floor truck hopper to these bins. 
As it is needed, sand is conveyed on belts from the bins 
to the pneumatic pressure vessel and blown to any one 
of the five points of usage (Fig. 4, 5, and 6). 

Truckload quantities of special sands can be dumped 
into the truck hopper and blown to a receiving hopper 
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on the balcony for gravity feed into pallet boxes. 
Selection of transport pipeline is made by manually 
connecting it to the rubber discharge pipe to the ac- 
tivator. A fire hose coupling is used to accomplish this 
easily (Fig. 7). 

Approximately 10,000 sq ft of space is available in 
the basement for storage. Easy access is afforded by a 
freight elevator located just outside the foundry area. 


Melting Area. Three electric furnaces handle the 
ferrous melting requirements at present: one, a 500-Ib 
per hour indirect arc type; one, a 500-lb per hour direct 
arc type; and the third, a 250-lb per hour direct arc 
type. For a simulated production job it is possible to 
accumulate 1800 lb of molten iron. 

Furnaces are charged by hand, every ingredient being 
carefully weighed on a scale of capacity proportional 
to the weight of material. Metal is tapped into a shank 
ladle for small jobs or (Fig. 8) a transfer ladle on a lift 
truck for large jobs. Control tests and metal analysis are 
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Fig. 4 (upper far left). . Pressure vessel for 
pneumatic sand transporter. 
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Fig 5 (upper near left) . . Belt conveyor han- 
dies raw sand from storage to mixer. 





oe we | 


ve 
eek ok ve | 


dl coe Ga 


Fig. 6 (lower far left) . . Truck hopper is first 
stage in raw sand handling. 
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Fig. 7 (lower near left) . . Fire-hose coupling 
substitutes for complex switch in pneumatic 
sand transporting system. 


Fig. 8 (above) . . Ladle is suspended from fork 
of lift truck for convenient handling. 


Fig. 9 (upper right) .. Aluminum is melted in 
400-lb gas-fired crucible furnace. 


Fig. 10 (right) .. Core room has wide variety 
of core making facilities. 


run on every heat; results are made part of a permanent 
melt record. 

For melting aluminum a 400-lb crucible-type gas fur- 
nace is available. This is equipped with recording-type 
immersion pyrometer and nitrogen fluxing equipment. 
A motorized screen and a small jolt-squeeze machine 
are of the non-ferrous floor (Fig. 9). 


Core Room. Figure 10 shows the facilities of the core 
room. In the foreground is the sand mixing unit which 
consists of a two-compartment bin (fed by the pneu- 
matic transport system), a weigh hopper, and a muller- 
type mixer. All controls are mounted on a panel at the 
rear of the platform; three electric timers are provided 
for accurately controlling each phase of the mulling 
cycle. 

Sand is distributed to the blower hoppers in a drop 
bottom bucket on a monorail hoist. These hoppers were 
specially designed to accommodate the sand bucket. 
Four core blowers of three different makes have been 
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installed, so that the entire range of automotive cores 
can be produced. Three different types of rollover- 
draw equipment are also available to permit duplica- 
tion of production cycles of any of the General Motors 
foundries. 

Core baking is done in the batch-type, gas-fired core 
oven shown in the background on Fig. 10. Space be- 
yond the oven is available for cleaning, assembling, 
and dipping cores. 


Production Molding Line. A complete production 
mold conveyor line makes it possible to process a cast- 
ing for production ahead of a new model deadline while 
remote from the production of the current model. 
Full attention can be given to the details of gating and 
risering, yield, scrap, methods engineering, etc. The 
heart of this line is the mechanized sand system, part 
of which is shown in Fig. 11. The molding sand bin 
is divided into four 45-ton sections, any one of which 
can feed sand to the weigh hopper over the muller- 





type batch mixer. The divided bin provides storage 
for sand from any four General Motors foundries at 
the same time. Castings can be made for one foundry 
today, and while being inspected and changes drafted, 
the sand can be returned to its hopper and a different 
pattern run for another foundry with their sand. 


Sand System Highly Mechanized 


After the proper sand has been fed into the mixer, 
the correct quantities of various binders are taken from 
their storage hoppers (Fig. 12) and added. An electric 
timer signifies completion of the mixing cycle, then 
sand is dumped onto the mill belt (Fig. 13) and carried 
to a bucket elevator which raises it to the sand distribu- 
tion belt on the balcony over the molding machines. 
Sand is plowed off into molding machine hoppers by 
automatic air-operated plows (Fig. 14). Excess and spill 
sand is guided onto the sand return belt in the base- 
ment by chute plates, and carried back to the storage 
bins via bucket elevator. 

Figure 15 shows the mold conveyor with its pouring 
and cooling hoods. The conveyor which consists of 
53 cars, 34 in. wide by 58 in. long on five-ft. centers, 
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travels nine to 36 {t per min in a loop past the mold- 
ing machines. Figure 16 shows how the mold conveyor 
travels down an incline of 15 degrees into the base- 
ment during the cooling period, and comes up again 
at the shakeout area. This provides an opening in the 
conveyor loop on the main floor to permit the setting 
of cores in the molds from the inside of the loop. In 
this way considerable floor space is saved 

The jolt-squeeze-strip machine shown at the left in 
Fig. 15 is one of the pair of medium size machines 
installed at this writing. It has a 24-in. diameter squeeze 
cylinder and a 10-in. diameter jolt cylinder and can 
handle patterns up to 22 x 44-in. These machines are 
commonly used in G.M. production foundries for mak- 
ing cylinder head molds. 

Three 2-ton, direct-current, bridge cranes are in- 
stalled over the mold conveyor for setting molds and 
cores (Fig. 15). 

Two vibrating shakeout machines with ventilation 
hoods are shown in Fig. 17. Two 2-ton, direct current, 
cranes are used to handle flasks and castings from the 
mold conveyor on the shakeout, and flasks back on 
the mold conveyor for return to the molding ma- 
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Fig. 11 (upper far left)... Molding sand bin 
has four 45-ton compartments. 


Fig. 12 (upper near left) . . Small scale weighs 
binders directly from storage. 


Fig. 13 (lower far left) . . Mill belt feeds mold- 
ing sand into bucket elevator. 


Fig. 14 (lower near left) .. Sand is plowed 
off belt into molding machine hoppers by auto- 
matic air-operated plows. 


Fig. 15 (right) . . Molding loop is complete wiih 
pouring and cooling hoods. 


Fig. 16 (below) .. Poured molds are below 
main floor for most of cooling period. 


Fig. 17 (lower right) . . Two hooded, vibrat- 
ing shakeouts provide for drag (foreground) 
and cope (background) separately. 


Fig 18. . Tumbling and table shot blasts, sand blast, tumbling barrell, and Fig. 19... Multiple-station, dump-type machine makes 
annealing oven are served by 5-ton crane. shell molds as large as 24 x 41-in. 





Fig. 20 . . Large molds are made on jobbing floor of gen- 
eral project area by remote controlled slinger. 


chines. The cope removal section of the mold conveyor 
hood is shown in the background of Fig. 17. 

Cleaning Room. The variety of casting cleaning 
equipment shown in Fig. 18, includes a 27x36-in. tumb- 
ling-type airless shot blast machine, a 66-in. table-type 
shot blast machine, 20x48-in. tumbling barrel, a sand 
blast cabinet, and a 24 x 3 x 12-in. single wheel snag- 
ging grinder. Pneumatic chippers and grinders of 
various sizes are also available. All of this equipment 
is serviced by a 5-ton bridge crane. The furnace in 
the right foreground of Fig. 18 is used for annealing. 


Shell Molding Area. With the growing interest in the 
shell molding process, no experimental foundry would 
be complete without facilities for study of this tech- 
nique. Therefore, some of the latest equipment avail- 
able has been installed to handle shell molds of even 
the largest castings, on a production basis. Figure 19 
shows a multiple-station, dump-type machine capable 
of handling molds as large as 24 x 41-in. In the back- 
ground is shown hand operated equipment for initial 
experimentation. 

General Project Area and Jobbing Floor. The cente: 
bay under the 32-ft. monitor shown in Fig. 2 constitutes 
a general project area, where work is done on special 
investigations. At this writing, preparations were be 
ing made to install centrifugal casting equipment and 
a pilot sand reclamation unit for experimental work. 
In the left foreground of Fig. 2 is a shell-mold blowing 
machine being evaluated for possible production 
applications. 

A precision controlled, 5-ton crane spans the entire 
length of this area. This crane is used for drawing pat- 
terns and setting cores in the jobbing section of this 
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Fig. 21 .. Pattern shop makes wood, metal, and plastic 
patterns; blow-plates; and simple fixtures. Facilities are 
also available for working with plater. 


Fig. 22 . . Sand lab is equipped to provide a complete se- 
ries of sand tests for each experiment. The sand lab has 
made material evaluations and scrap investigations. 


Fig. 23 . . Completely equipped metallographic lab. 
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Fig. 24 . . Spectrographic lab provides rapid analysis for 
control of foundry research projects. 


area. Figure 20 shows the remote controlled slinger 
in action. 

Pattern Shop. A wood pattern shop is included as 
part of the foundry to expedite the initial phases of 
an investigation. In many cases when a wood pattern 
is not satisfactory, metal equipment is precision cast 
from it. Figure 21 is a general view of the pattern shop. 
An area has been set aside here for work on plastic 
patterns, and some metal working equipment has been 
installed for making blow-plates and other simple fix- 
tures. All machines are serviced by dust collection 
equipment. 


Laboratories. The sand laboratory (Fig. 22) plays an 
important part in all of the experimental work done 
in the foundry. A complete series of tests is run on all 
of the sand used and the results become part of a per- 
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Fig. 25 . . Chemical lab, like met lab and spectro lab, is 
in the metallurgical department. 


manent record of the experiment. Many material 
evaluations have been handled exclusively in this lab- 
oratory, as well as several scrap investigations. 

Although the sand laboratory is the only laboratory 
facility that is a part of the foundry proper, a metal- 
lographic lab, a spectrographic lab, and a chemical lab 
are included in the metallurgical department which 
adjoins the foundry (Fig. 23, 24, and 25). These facil- 
ities are available to the experimental foundry as well 
as to all General Motors divisions. 

It is hoped that the General Motors Experimental 
Foundry together with similar facilities across the coun- 
try will soon make their effect felt on the industry. The 
primary objectives of these foundries must be to im- 
prove quality and lower cost. However, much work 
will also be done toward making the foundry a better 
place to work. 








MAKE PLASTER CORES IN 
RUBBER-LINED BOXES 


By 


Robert F. Dalton* 


@ Rubber-lined core boxes for plaster molding have 
several advantages and a few disadvantages. These are: 


Easy and Economical to Produce. Making plaster cores 
with their relatively slow turnover (seven to 30 min 
in the core box) requires that core boxes and pattern 
equipment be relatively inexpensive and easy to re- 
produce. Depending on the production requirements, 
it may be necessary to have from five to 25 times the 
number of core boxes usually needed in sand in order 
to produce a sufficient number of cores for plaster 
molding. 


Since the production of rubber-lined core boxes is 
a pouring operation rather than a tool room or ma- 
chine shop operation, the duplication of core boxes is 
relatively inexpensive. Due to the high green strength 
of plaster, core driers are not needed. 


Separator Is Not Required. In core boxes of wood, 
metal, plaster, or plastic, a separator or parting agent 
is applied to the box before the plaster is poured. With 
rubber-lined core boxes this operation is unnecessary. 


*Project Engineer, Foundry Department, Hills-McCanna Co.., 
Chicago, III. 





Fig. 1 . . Box to be used to make rubber-lined core box. 
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The application of separator is not particularly diffi- 
cult, but frequently trouble is encountered due to the 
uneven application of separator. This is especially true 
in foamed plasters where the liquid carriers frequently 
used in separators are foam breakers and tend to give 
poor surfaces to the plaster core. 


Back Draft May Be Incorporated. Because of the flex- 
ibility of rubber, the core box may be designed to in- 
clude no draft and even back draft. In rigid core boxes 
this is only accomplished by irregular parting lines, 
loose pieces, etc., resulting in complex, expensive core 
boxes. The advantage of rubber lined core boxes is fur- 
ther emphasized when one considers that loose pieces 
may result in fins, parting lines, and irregularities on 
the finished casting. 


Size Control. The problem of rubber shrinkage has 
not been completely solved. Whether the so-called 
“rubber” materials are poured hot or cold they are sus- 
ceptible to change in size due to evaporation of plasti- 
cizer, humidity changes, etc. Rubbery substances of this 
nature are inherently less stable than rigid materials 
like metal, plastic, or plaster. Wood, although the most 
widely used material in the foundry industry for core 





Fig. 2. . Plaster plug will form rubber lining for box. 
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Fig. 3 .. Clay over plug determines rubber thickness. 


boxes and pattern equipment, is also unstable due to 
change in shape from shrinking and swelling. 

The formulations of the rubber-like materials are 
constantly refined so that less difficulty may be expected 
in the future. In the meantime, if a flexible pattern or 
core box has shrunk beyond usable size, another one of 
the proper size would have to be produced and used in 
production. 

To convert a particular sand core to a plaster core, 
it may be advantageous to use existing equipment to 
make the rubber-lined equipment. This eliminates the 
need for the original master core box or the master 
plug core from which the original core box was made. 

Figure | shows the existing core box which consists 
of a split aluminum blow box with a nearly even part- 
ing line, two loose pieces, two through-the-box brass 
rods, and two brass plates that locate three vanes that 
are engulfed by the sand core but will be cast into the 
plaster core. The core box offered the disadvantage of 
being used in a core blower, hence the only openings 
into the box are the sand entrance holes and the vent 
holes. All of these holes are too small to pour a foamed 
plaster mix through, hence even if rubber-lined boxes 
were not used, the existing equipment could not be 
used to make plaster cores without alterations. 


Making the Master Plug. A liberal coating of lacquer 
and separator were applied to the box interior. The 
core box was then partially filled with plaster; with care 
taken to cover all interior surfaces of the box, but not 
necessarily to fill the two halves full. When the plaster 
was stiff enough, the box was booked and the interior 
filled through a previously made opening (one of the 
blow screens was removed for this purpose). 

The completed plaster plug is shown in Fig. 2. Al- 
though the plug will show disfigurations from the var- 
ious blow and vent holes, it may be “pointed” with 
more plaster to fill in depressions and scraped to remove 
fins, flash, etc. 

To accurately align the three vanes in the core box, 
the brass plates of the original aluminum core box were 
incorporated as a part of the plaster plug. It is quite 
evident from Fig. 2 that there is a considerable amount 
of back draft in the hole on the upper left side of the 
plug. When the master plug has been completed it is 
soap-shined to a very high polish and the desired part- 
ing line is scribed. 





Fig. 6 . . Pouring rubber mixture into well-vented mold. 
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Fig. 7 .. Halfway through—rubber drag is next. 


Making the Parting. To make a split rubber-lined 
core box (called a French mold in the plaster trade), 
it is necessary to determine accurately the parting line 
and make a base or plateau of rigid material (in this 
case plaster), so as to form a base against which the rub- 
ber may be cast. This is similar to the parting formed by 
a matchplate. If half of the original core box is in ac- 
ceptable condition, the master plug may be set back 
into the box and the parting surface of the box ex- 
tended some 4 to 5 in. by some suitable method such as 
using fitted wood pieces or plaster. The master plug is 
then accurately located or buried to its proper parting 
line. 

If no equipment is available, it is advantageous to 
make a core plug which is the opposite of the desired 
core box. This plug may be made of conventional pat- 
tern materials with a high degree of accuracy and less 
expense than a master core box. In any event, in pro- 
duction of rubber-faced equipment, the work always 
proceeds from the core plug, whether it be produced 
from an existing core box or is made as an original core 
plug. For a description of the core plug see Mathias.” 


Determining the Rubber Thickness. Strips of water 
clay, 4 in. thick, are laid over the exposed portion of 
the master plug (Fig. 3). This volume of material will 
later be occupied by the poured rubber, hence the 14 
in. of clay will be 14 in. of rubber. The clay layer is 
carried down to and extended out along the parting 
line a distance of 114 to 2 in. If the pin and bushing 
locations are satisfactory in the original equipment, 
these same locations may be transferred to the rubber- 
lined box. However, pins and bushings are generally 
located in the rigid plaster backing rather than the 
flexible rubber. 

The two loose through-the-box brass pins of the orig- 
inal equipment are incorporated in the master plug 
and surrounded by clay, as shown in the illustration. 
This helps hold the rubber against the plaster cast to 
form an accurate foam-plaster core. 


Casing the Mold. The completed clayed-up surface is 
splashed with a plaster mix and reinforced with sisal 
fibre well saturated with plaster (Fig. 4). This will be 
the case through which rubber will be poured. The 
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Fig. 8 . . Drag pouring case, left; plaster plug, right. 


case is accurately aligned with pins and bushings to the 
parting line plaster, so it may be replaced in a later 
operation. The case is separated and the clay layer is 
removed. The model is thoroughly cleaned and given 
another soap shine, if needed. A parting agent is pro- 
duced to be applied to this surface and to the back side 
of the case. 

To eliminate surface defects, a small amount of rub- 
ber is mixed in a disposable paper cup and painted over 
the pattern (Fig. 5). This is an important operation, 
as it eliminates air bubbles and other discontinuities on 
the rubber surface. 


Pouring the Rubber. The plaster case is repositioned 
accurately over the parted plaster plug and clamped, 
and the rubber mixture is prepared. Rubber is a mis- 
nomer as this material is a polymercaptan and is formed 
by mixing proper proportions of three liquid compo- 
nents. Directions for mixing are obtainable from the 
rubber supplier. 

Figure 6 shows the rather long sprue through which 
the rubber is poured, Note the two through-the-box 
brass rods that are now transferred to the case mold. 
Numerous vent holes should be drilled into the case to 
avoid air pockets. 

After the rubber has set overnight, the case, rubber, 
and plaster master plug are removed as one unit from 
the parting and the metal core box (Fig. 7). Half of the 
master plug has now been encased with rubber. An- 
other parting to be made that is not in the original 
aluminum blow core box may be seen in the left por- 
tion of Fig. 7. Since the original blow holes did not 
present a large enough opening to pour the foam- 
plaster mix, another parting is made on the flat surface 
to the left of the corner to provide access. 

The buttons and snake-like contour on the rubber 
at the parting line effectively hold the two rubber parts 
together on booking to form a foam plaster core with 
a minimum of flash at the parting line. 

The clay, case, and rubber-pouring operations are 
again repeated to form the other two parts of the box. 
In general, the plaster cases used at the time the rubber 
is poured are not used in actual production of foam- 
plaster cores. After each rubber section is poured, the 
case is removed without disturbing the rubber from 
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Fig. 9 .. Matched halves and cover of rubber core box. 


the master plug and a low-expansion, sisal-resin rein- 
forced plaster case is made. 


Making Multiple Core Boxes. To expedite the pro- 
duction of similar duplicate core boxes, a plaster cast 
is made of each half of the rubber extending over its 
parting. With the pouring case shown at the left of Fig. 
8 and the parted half core on the right, it is a simple 
matter to make duplicates by pouring rubber through 
the case engulfing the half-core and forming at the same 
time, the rubber parting surfaces. In this manner, any 
number of duplicate core boxes may be produced. 

The finished rubber-lined core box shown in Fig. 9 
consists of the matched halves and a cover box (center) 
to form the core print. Note that the loose brass pieces 
holding the three magnesium vanes (not shown) are 
incorporated into the rubber. This is done by position- 
ing the brass pieces on the master plug half before pour- 
ing the rubber. Note also the two through-the-box brass 
rods to help support the rubber in the case. In actual 
use, the two large halves are booked and foam plaster 
is poured into the rather large opening (about 4 in. 
square) before the third part of the box is added. The 
third part or cover of the box is set in place and the 
remainder of the core is poured. 

The cover of the box forms a core print. Accurate 
alignment with the rest of the core is required and ac- 
complished with pins and bushings in addition to the 
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Fig. 10.. Rubber insert in tire mold core box section. 





snake-like valley at the parting. The smoothness of the 
rubber face is very important in plaster work as the 
smoothness of the casting can only be as good as the 
foam-plaster core against which the metal is cast. 

An example of tooling for metal casting plaster work 
is shown in Fig. 10, a portion of a tire mold core box 
with a rubber insert. Note the degree of back draft that 
may be had with flexible rubber core box materials. 
In actual use, the rubber insert is removed from the 
rest of the core box and kept in contact with the foam- 
plaster core. When the plaster has set sufficiently the 
rubber is removed gently by starting at one end of the 
core. The same shape core box insert in metal would 
be expensive to make and require about five loose 
pieces. Since each loose piece results in a joint and flash, 
it is rather easy to see the advantage of using rubber. 

The material used in the rubber core boxes de- 
scribed in this paper is a cold-setting multi-component 
rubber, not a synthetic glue material that is heated 
prior to pouring, such as a plasticized polyvinyl chloride 
plastic. 
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IMPROVING CASTING QUALITY 
THROUGH NON-DESTRUCTIVE TESTING 


By 


Francis H. Hohn* 


@ Casting quality certainly is not a new term to the 
foundry industry. Foundrymen are all too aware ol 
the customer’s growing demand for castings of uniform 
quality which will machine consistently without difh- 
culty and meet service requirements. This concept of 
quality is, however, a rather elusive one and has many 
different facets. It is necessary to define it and then 
measure it. 

Only one facet of casting quality will be considered, 
namely, soundness or homogeneity (the presence or 
absence of such defects as porosity, shrinkage, cracks, 
etc.) The level of desired soundness is assumed to be 
either one that has been agreed upon by the foundry 
and customer, or one which through experience and 
design studies is found satisfactory for a particular 
casting in service. 

*Metallurgist, Scullin Steel Co., St. Louis, Mo. 


Non-destructive testing equipment at Scullin Steel 
Co. is used to obtain quantitative information about 
steel casting quality which is then used to evaluate 
factors that might be responsible for deviations from 
the desired soundness level. 


The company pours basic open hearth castings vary- 
ing in finished weight [rom less than a pound to about 
35,000 lb. Non-destructive testing equipment consists 
of 250 kv and 1000 kv x-ray units (Fig. 1) and a portable 
magnetic particle inspection unit and a powder blower 
(Fig. 2). 

As an example ol how this equipment is used, con- 
sider an L-shaped plate casting 3 in. thick, weighing 
approximately 3500 Ib (Fig. 3). It was necessary to 
mold this with the large, flat section in the cope. 
Initial, routine radiographic inspection showed that 





Fig. 1 .. 1000-kv x-ray unit in position to radiograph a 
casting. Shop also has 250-kv unit. 
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Fig. 2.. Portable magnetic powder inspection equip- 
ment is readily moved to large castings. 
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Fig. 5... Set of 10 x-ray standards established to eval- 
vate porosity in 3500-Ib casting (Fig. 3). Upper left is 


varying amounts of porosity existed in this area (Fig. 


1). The pilot casting had net shown these defects. 
However, since several machined areas were involved, 
radiographic examination of each casting was begun. 

To study the difficulty, standard test plates and pro- 
duction castings poured from each heat were x-rayed. 
Test plates approximately | x 5 x 6-in. cast in core sand 
molds, with riser and gate on opposite edges, have been 
found to be extremely sensitive to the formation of 
pinhole porosity. 

A set of ten x-ray standards were set up showing var- 
iations from the best (Standard I) to the worst (Stand- 
ard X) porosity conditions found in the test plates (Fig. 
5). Heats were then rated relative to standard porosity 
observed in the test plate. Production castings of test 
plate heats were x-rayed and rated as showing little, 
moderate, or excessive porosity (Fig. 6, 7, and 8). 

Figure 9 shows that this type of test plate may be 


Standard | (best); lower right is Standard X (worst). 
Porosity was eventually related to slag FeO. 


used to gauge the amount of porosity expected in pro- 
duction castings. In other words, when test plates of a 
particular heat met Standard X, production castings 
of the same heat showed excessive porosity. When the 
test plate met Standard I, very little, if any, porosity 
was found in the castings. 


Check Responsible Factors 


Once a numerical rating had been applied to this 
type of casting soundness, it was just a question of look- 
ing for the factors responsible for quality variations. 
It was discovered that iron oxide content of the tap 
slag correlated significantly with casting soundness. 
Figure 10 is a plot of the average slag iron oxide con- 
tent for each standard of porosity as found in a large 
number of test plates. The range of iron oxide contents 
for various heats was found to be from 8.0 to 17.5 per 
cent. It will be noted that as iron oxide content of the 
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Fig. 6. . Plate casting showing little porosity. 





Fig. 7 .. Moderate porosity in problem casting. 





Fig. 8 .. Radiograph showing excessive porosity. 


Non-DEsSTRUCTIVE TESTING 
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AMOUNT OF CASTING POROSITY 


Fig. 9 . . Porosity relation between tests and castings. 
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TEST PLATE POROSITY STANDARD 
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Fig. 10. . Porosity and FeO in slag correlated. 
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Fig. 11... Turret casting had centerline shrinkage. 





Fig. 13. . Turret radiograph, shrink rating—0O. 


tap slag increases, the amount of pinhole porosity in the 
test plate increases also. 

By aiming for the lower iron oxide contents in the 
open hearth, with all other factors remaining approx- 
imately the same, it was possible to keep plate castings 
within quality requirements. This isn’t meant to imply, 
however, that all pinhole porosity can be traced back 
to melt conditions; there are many complex and inter- 
acting variables in the foundry. 


Establish Soundness Rating 


A turret weighing about 15,000 lb with an average 
thickness of about 4 in. had localized centerline shrink- 
age that varied in size from casting to casting even 
though molding procedure remained the same (Fig. 
1] and 12). All castings were x-rayed in the area in 
question and given an arbitrary soundness rating from 
0 to 4 depending upon the severity of the defect (Fig. 
13 and 14). When sufficient data had been accumu- 
lated, correlation with likely foundry variables was at- 
tempted. Figure 15 shows the shrinkage defect to be 
directly related to tapping temperature. Note that at 
tap temperatures of about 2970 F, shrinkage is at a 
minimum, while at 2825 F, it is at a maximum. 

Because all areas of the turret to be machined must 
be free of crack and tear defects, more than 15 ma- 
chined areas as well as other critical non-machined 
areas are carefully inspected by magnetic particle meth- 
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Fig. 12. . Location of shrinkage on 15,000-Ib turret. 





Fig. 14.. . Shrinkage rating of 3-in. turret. 
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Fig. 15... Proper tap temperature eliminated shrink. 
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Fig. 16 (left) .. Magnetizing section of turret casting to 
locate cracks. Line in casting between. prods is not the 
defect sought by inspectors. 


ods soon after the casting is normalized (Fig. 16). Sig- 
nificant defects are marked for removal. The areas are 
checked by magnetic particle inspection during defect 
removal and again after welding to be sure that repair 
is satisfactory. 

Accurate daily records are kept of the number and 
location of crack-like defects. Figure 17 illustrates work 
sheets used with magnetic particle inspection of turret 
castings. Data are logged, then used to prepare statistical 
quality control charts (Fig. 18). Each point on the con- 
trol chart represents the number of crack-like defects 
found in a particular casting. Upper and lower control 
limits based upon a lot of 20 castings form the prob- 
able boundaries within which all points should fall. 
The center line is the mean or average line, about 
which all points should cluster. Deviations in normal 
process quality are indicated by points approaching or 
crossing the control limits. Charts are kept for each 
machined area as well as for the casting as a whole 
(shown here). 


Calculations Not Difficult 

Calculations involved in construction of quality con- 
trol charts are not particularly difficult. Control charts 
are extremely useful for early detection of variations 
from normal production quality. They also show the 
results of improved production techniques. 

The turret casting with its many section changes and 
complicated gating and risering is subject to quite a bit 
of hot tearing. The sample quality control chart (Fig. 
18) shows a gradual reduction in the number of hot 
tears, determined by magnetic particle inspection, 
brought about through judicious placement of crack- 
ing strips. 

Non-destructive testing by x-ray and magnetic par- 
ticle inspection methods are used to maintain a high 
level of casting soundness by quickly spotting and lo- 
cating assignable causes for downward variations from 
desired quality level, and to check on improved mold- 
ing techniques aimed at raising the quality level. 





Fig. 17 (left) .. Arrows point to record of magnetic in- 
dications on sketch of cast turret. 





Fig. 18 .. Quality control 
chart prepared from mag- 
netic particle indications re- 
cords deviations from normal 
process quality. 
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IT IS NOT ALL SAND! 


By 


C. A. Sanders* and Nathan Levinsohn** 


The purpose of this pictorial article is to defend 
sand. On too many occasions a molding sand mixture, 
a molding sand practice, or molding sand control is 
given full blame for certain unrelated casting defects. 

It is true that proper sand control can eliminate 
or reduce casting defects if those particular defects 
are directly related to a sand condition. The authors 
have accumulated only a few defects that had little, 
if any relationship to a sand condition but neverthe- 
less found their way to the scrap pile. 

Casting defects are the “wanted criminals” in the 
Foundry Industry. Most foundries base their cost es- 
timates upon a certain percentage of scrap. The 
Foundry Industry has been belittled for estimating 
scrap on a certain pattern before castings are made, 
but past experience has proven to the average 
foundryman that human errors are difficult to control 
and to minimize. The “human variable” has yet to 
be measured and the foundryman recognizes the vast 
number of human errors that can result in attempt- 
ing to produce a satisfactory casting. 

For the benefit of those worthwhile sand control 
engineers who always find an up-hill battle with man- 
agement in defending themselves, we dedicate this 
article. Scrap is scrap, regardless who is accused, and 
it is not all sand! 


* Vice-President, American Colloid Co., Chicago, and ** Foundry 
Superintendent, Minneapolis-Moline Co., Minneapolis, Minn. 


Figure 1 shows a gray iron housing. Its weight is 
approximately 6014 lb. This casting was scrapped 
due to a slag inclusion. Notice the slag present in 
the runner, as well as in the casting. In this case, 
the runner was too short to allow the metal to clean 
itself properly from the slag before entering the mold 
cavity. Perhaps by placing the runner in the cope 
with the ingates in the drag would have been a better 
trap for the slag. Perhaps gating through a whirl, 
or swirl gate would have eliminated the slaggy con- 
dition, but the pattern equipment was quite old and 
was inherited by the foundry. Actually, the pattern 
equipment was rigged so there was insufficient room 
in the flasks for correct gating to overcome such 
defects. 

Figure 2 shows a malleable casting approximately 
17 in. in length. The arrow points to another slag 
inclusion. This is not a sand defect but the direct 
result of dirty metal and improper gating. Perhaps 
the answer would be to obtain cleaner metal; no one 
can disagree with such a statement. No foundry has 
yet found the technique of completely removing for- 
eign materials such as inclusions, gas in the metal, 
or other contamination while maintaining a high pro- 
duction. If the gating system does not aid considerably 
in removing such contamination, the foundry is solely 
dependent upon the skimming at the pouring station; 
or the cleanliness of the metal from the furnace and 
ladle. 








Fig. 1 (Lett) — Gray iron housing. Arrows point to slag inclusions in runner and casting. 
Fig. 2 (Right) — Arrow points to slag inclusion. 
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Fig. 6 — Photo shows an example of reversed cope. 





a a te 


Fig. 3-— Slag and contamination covers cope side of 
this casting. 
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Fig. 4— Elbow casting. Arrows point to where coreprints 
should have been. 





Fig. 5 — Photo shows a shift. Fig. 8 — Photo of agricultural cover showing run-out. 





Fig. 9A (Left) and 9B (Right) — An example of a casting poured short. 
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Fig. 13 — Photo illustrates a crush. 





Fig. 10 — Photo of casting poured short. 





Fig. 14 — Photo illustrates a crush. 





Fig. 12 — Photo of casting poured short. Fig. 15— Seams on casting due to interrupted pouring. 
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Fig. 18— Photo shows strains due to insufficient clamping 
y : ' ? of cope and drag. 
Fig. 16 — Ring casting cracked when risers were knocked-off 
too soon. 





Fig. 19— Photo shows strains due to insufficient clamping 
of cope and drag. 
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Fig. 17A (Above) and 17B (Below) — Photo shows chills Fig. 20 — Large casting shaken-out too rapidly before 
dropped from cope due to careless handling. it soliditied. 
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Fig. 21 — Manifold connector. Molder cut in-gate too large, 
breaking into the casting. 


Figure 3 shows a casting which was poured at the 
end of the heat and the ladle was nearly empty. 
“Good to the last drop” does not always apply to 
metal. Slag and various contamination covers the com- 
plete cope side of this casting resulting in a defect. 

Figure 4 shows an agricultural elbow, casting weight 
approximately 514 Ib. First glance would indicate 
that this casting is satisfactory and nothing seems to 
be wrong. However, the arrows indicate that a core 
should have been present. The core prints are solid 
metal. The molder was careless and the core was left 
out of the mold resulting in a high scrap loss. Sand 
control cannot possibly alter this situation. 

Figure 5 illustrates an obvious shift. This defect 
is almost always traced to lack of better equipment, 
worn pins and guides, carelessness by the molder or 
helper, etc. Certainly a little more supervision can 
correct such defects which take a high toll of good 
castings. 

Figure 6 illustrates a typical case of human error. 
This is a reversed cope which resulted in high scrap 
loss. No amount of repair can save these castings 
and all must be remelted. Proper equipment can pre- 
vent such high scrap loss but when a foundry is de- 
pendent upon a molder’s ability such an “impossible 
thought” can easily occur. 

Figure 7 illustrates a wheel hub. This casting weighs 
approximately 10434 lb. The casting was made in 
a snap flask. There was insufficient weight on the 
cope to prevent the metal from forcing the cope to 
rise, and a run-out occurred. This is a good example 
of a run-out due to insufficient mold weight. 

Figure 8 shows an agricultural cover. The approxi- 
mate casting weight is 1 lb. This mold was poured 
without sufficient weights on the top of the mold 
which resulted in a run-out. High production has 
taken a large percentage of castings by this defect, 
as it is difficult to overcome unless more supervision 
is present. 

Figures 9A and 9B are good examples of what is 
occurring in many foundries. When the gates, risers 
and sprue are knocked from the casting, it is difficult 
to see whether the casting is poured short. The defect 
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Fig. 22 — Stove grill showing cold shut. 


may in error be called metal shrinkage. This casting 
was poured short. 

Figures 10 and 11 show castings which were poured 
short. Figure 10 shows a fly wheel housing; approxi- 
mate weight is 86 lb. Figure 11 shows a gate of two 
malleable links and is a good example of such a 
defect. Notice, not enough metal was present to even 
fill the sprue, but the skimmer core area clearly shows. 

Figure 12 shows a brake housing; casting weight 
2534 Ib. This illustrates a casting poured short due 
to careless pouring. 

Figures 13 and 14 illustrate typical crushes. Figure 
13 shows a crush caused by poor closing of the mold; 
both cope and drag are green sand. Figure 14 is a 
brake drum, approximate weight 3014 Ib. The 
molder set the core incorrectly in the drag. When the 
cope was closed over the drag, the core crushed caus- 
ing this defect. 

Figure 15 shows a gray iron bell housing showing 
seams on the casting due to interrupted pouring. 

Figure 16 illustrates a ring casting cracked when 
the risers were knocked-off too soon. The metal had 
not properly solidified, thus causing the casting to 
rupture. 

Figures 17A and 17B (cope and drag) show chills 
which have dropped from the cope due to careless 
handling of the mold on the conveyor. 

Figures 18 and 19 illustrate mold strains due to 
insufficient clamping of the cope and drag. If the 
cope and drag had been properly clamped and firmly 
held in place, such defects would not have occurred. 

Figure 20 is descriptive of a large casting shaken- 
out too rapidly before it solidified resulting in a cast- 
ing which cannot be identified. This can be attributed 
to carelessness of labor or supervision or both. 

Figure 21 is a manifold connector. Approximate 
weight of this casting is 3 lb. This casting was made 
from a loose pattern. The gate was cut by hand. The 
molder cut the in-gate too large which broke into the 
casting, resulting in the defect. Even the skilled mold- 
er is prone to make errors as shown in this illus- 
tration. 

Figure 22 is a gray iron stove grill. The defect 
is a cold shut resulting from cold metal. Cold metal 
takes a surprising toll of this type casting and good 
sand practice could never correct it. 
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DISCUSSION 


Chairman: C. W. WituiAMsON, Trinity Valley Iron & Steel Co., 
Fort Worth, Texas. 
Co-Chairman: E. C. Zmzow, Werner G. Smith, Inc., Cleveland. 


J. B. Caine! (Written Discussion): The authors have shown 
some interesting examples of defects that have been misdiagnosed 
in the foundry. 

The defects shown in Figs. 9A and 9B can also be caused by 
a runout that drains the gate and is then stopped. As the authors 
emphasize, if the gate is broken off the defect is difficult to 
diagnose. Not only is it diagnosed inaccurately as shrinkage, 
but also as a blow due to sand. If the casting is examined with 
the gate on the casting, the cause is self-evident. 

A similar point can be raised regarding Fig. 15. Seams, as 
shown in this photo, can also be caused by a metal splash 
that partially or completely solidifies ahead of the main mass 
of metal. If this splash is not completely welded into the main 
body a seam-like defect as in Fig. 15 but more irregular in 
shape is seen. Such seams are usually inaccurately diagnosed as 
buckles, or rat tails. Breaking such a casting through the defect 
will show the cause of the surface irregularity. 


MeMBER: The paper is very well presented and has photo- 
graphs to explain clearly what the authors intended to put 
across. 

It is felt that this paper could have included actual per- 
centages of scrap that could be directly related to sand properties. 
We find that a figure of one half of one per cent is considered 
high for sand defects in our mechanized and floor type foundries. 

The “human variable” as pointed out by the authors appears 
to be the greatest offender in producing scrap. It may be stated 
that this becomes a greater factor as control is exercised over 
melting, pouring and sand. 

The impression may be gathered from this paper that sand 
control is not necessary but past experience in our foundries 
indicates clearly what sand control has done in eliminating scrap 
defects and increasing production. Controlling sand properties 
within ranges is a must on mechanized units for a reduction in 
sand defects. 

The writer has seen scrap defects, as portrayed in the paper, 
produced by an individual working on a mechanized squeezer 
line who became “upset” because the sand was too dry, too 
wet or too weak. Any molding line foreman can \zadily recognize 
the impact of improper sand due to poor sand control. 

The writer would like to point out that crushes can be caused 
by lack of deformation or plasticity in the molding sand. This 
occurs in cases where matchplates with green sand cores or 
similar projections “kiss through” from the drag to the coke. 
It has been proven satisfactory castings could be produced if sand 
was supplied properly tempered and mulled. 

It is noted there is no example of castings exhibiting finish. 


1. Foundry Consultant, Wyoming, Ohio. 


It Is Nor Att SANp! 


Sand is usually blamed for the finished appearance of a cast- 
ing and in many cases it is justifiable but improper molding and 
elimination of necessary operations is also responsible for the 
final appearance of castings regardless of sand fineness, moisture, 
bond or carbonaceous materials. 

The writer fully agrees “It Is Not All Sand” but sand control 
should not be overlooked. 

MemMBER: The authors are to be commended on their defense 
of the basic (root-of-all-evil in many foundries) molding media 
— sand. 

It is true that sand very often gets the blame for many cast- 
ing defects that are actually caused by other factors such as 
molding techniques and melting. At the same time, many de- 
fects actually caused by sand are blamed on the melting and 
molding processes. So it works both ways. 

Provided a system for control of sand with reasonable limits 
is set up to allow sound castings to be produced in a foundry, 
it becomes a matter of routine to control mixing of sand with 
the aid of laboratory checks on incoming raw materials and 
sand being sent to the molders. 

The big trouble in controlling sand lies in improper methods 
of handling sand from the mill to the molder and from the 
shakeout back to the mill. There we run into a problem of hot 
sand, moisture control and to some extent, screen distribution 
control. 

It is easier, however, to control sand properties than it is to 
control human behavior. If there were some way to guarantee 
that every mold could be made absolutely the same way with 
the same tuck, jolt, and prescribed standard methods, a large 
portion of the scrap loss would be reduced. 

The authors bring out that one of the answers is perhaps a 
cleaner metal. It has been found that keeping a ladle too clean 
of slag allows a very fluid milky oxide scum to form on the 
surface of the iron which is even harder to trap in a gating 
system than the conventional slags usually present. It is, there- 
fore, necessary to plan all gating systems in a manner to trap 
incoming slag particles. 

In this connection it is wise to examine the entire gating 
of a casting scrapped for slag inclusions. If slag pocks are 
present in the gates and runners there is then a reasonable 
chance that the inclusions found in the casting are the result 
of metal slag. If none are found in the gating system then the 
defect may actually be the result of a sand wash caused either 
by improper sand or by improper molding. The point of wash 
can often be spotted in the gating system. 

Engineers have made remarkable strides in developing the 
equipment for production and close control of sand and metal. 
Until such methods and equipment are made available for 
control of molding techniques it is a mistake to de-emphasize 
the importance of controlling human errors in the molding, 
shifting, and pouring practice by emphasizing sand and metal 
control. 








EFFECTS OF TRACE AMOUNTS OF TIN, LEAD AND ANTIMONY 
ON ANNEALING OF BLACKHEART MALLEABLE IRON 


By 


R. C. Shnay*, J. E. Wilson** and J. E. Rehder*** 


Presence of trace amounts of some residual elements 
can exert a profound effect on the annealing rate of 
commercial blackheart malleable iron. L. R. Fried- 
man! found that titanium, vanadium and boron in 
amounts not exceeding a few hundredths of one per 
cent, tended to promote graphitization, but in greater 
amounts these elements acted as carbide stabilizers. 
Tin in amounts as low as 0.07 per cent is known to 
render malleable iron unannealable.2 Tsutsumi? 
studied the effects of a large number of residual ele- 
ments on the graphitization of white iron containing 
a small amount of chromium. The concentrations of 
the residual elements were higher than what would 
usually be considered trace amounts, since the pur- 
pose of the experiment was to find antidotes for the 
chromium. 


Most of the data published on the effects of residual 
elements on graphitization either of malleable iron or 
nodular iron show that these effects are complex. 
Critical composition levels exist where the graphitizer 
becomes a carbide stabilizer. The aim of this investi- 
gation was to determine whether trace amounts of tin, 
lead and antimony have appreciable effect on graphi- 
tization, and if so, whether or not critical levels exist. 
These elements were chosen since they are common 
and can easily contaminate malleable or cast iron 
melts through inclusion in purchased scrap, and are 
seldom determined in routine chemical analysis. If 
their effects on graphitization rate are severe, further 
checking of melt composition will be indicated. 


Experimental Method 

In essence, the method was to make up a series of 
samples of increasing alloy content for each element 
to be studied, taking care that the only variable was 
the amount of alloy, and then to determine the mini- 
mum annealing or graphitization times for each sam- 
ple. Graphitization rates were then to be correlated 
with the amount of alloy present. 


*Metallurgist, Physical Metallurgy Division, Department of 
Mines and Technical Surveys, Ottawa, Ontario, Canada. 
**Canada Iron Foundries, Montreal, Canada. 
***Director of Research and Technology, Canada Iron Found- 
ries, Montreal, Canada. 
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A 50-lb induction furnace melt was made for each 
alloy studied, and the procedure was identical for 
each. The furnace charge consisted of low phosphorus 
pig iron, steel scrap, ferrosilicon and sulphur to pro- 
vide a composition similar to that common in the 
malleable iron industry. The charge was melted and 
surperheated to 2910 F, cooled with the power off to 
2850 F, and then tapped in weighed 10-lb portions 
into a hand-ladle. Furnace power was adjusted to hold 
the iron at 2850 F, and the operation was carried out 
quickly so that the iron was not held too long in the 
furnace. 

Each 10-lb tap was poured into 14-in. diameter by 
6-in. long pencils in green sand. No addition was 
made to the first ladle, and increasing additions were 
made to others. The additions dissolved immedi- 
ately, and characteristic effects were noted on the 
surface of the molten iron in the ladle. 


Ladle Additions 





Grams to 10 Ib Remarks 
Lead 0 06 12 24 #48 Very active “play” on 
iron in ladle 
Tin 0 O18 036 0.72 144 No visible effect 
Antimony 0 0.28 046 0.92 1.84 Surface film formed, 


increasing with addi- 
tion, iron sluggish at 
the last addition 





TABLE 1 — COMPOSITION OF THE TEST MATERIAL 














Number C Si S Mn P Sb Pb Sn 
A-l 285 1.14 0.107 0.24 0046 ND. ND. ND. 
A-2 .003 

A-3 .004 

A-4 .010 

A-5 O11 

L-1 2.70 1.17 0.099 0.18 046 ND. ND. ND. 
L-2 006 

L-3 .007 

L-4 010 

L-5 029 

T-1 2.70 1.13 0.095 0.24 0.040 0.007 
T-2 0.014 
T-3 0.020 
T-4 0.027 
T-5 0.046 
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Fig. 1 — Photomicrograph showing undecomposed carbide in 
a matrix of tempered martensite. Etch — Villela’s Reagent. 
Mag. — 500X. 


Chemical Analysis 
Three pencils of each composition were used for 
chemical analysis. Drillings were taken from the lower 
half of each pencil after the as-cast surface had been 
removed. The results of the chemical analsyes are 
presented in Table 1. 


First Stage Annealing 

The method used to determine the minimum times 
necessary to complete the first stage of the annealing 
process was essentially the same as described by Reh- 
der.4 In this case the speciments were in the form of 
discs (54 ,-in. in thickness) cut from the as-cast 
pencils. 

The determinations were carried out separately for 
each trace element. Five samples, one from each 
composition level, were placed in a steel crucible and 
packed with iron chips. Five crucibles were heated 
together in an electric muffle furnace. A controlled 
rate of heating (100 F/hr) was used from 1150 F up 
to 1750 F. At regular intervals one of the crucibles 
was removed and, together with its contents, it was 
quenched in water. The individual specimens were 
then removed and tempered at 375 F for 15 minutes. 
Subsequent metallographic examination of the cross 
section showed to what extent first stage annealing 
had been completed. Undecomposed cementite parti- 
cles appeared white in a matrix of dark-etching tem- 
pered martensite. This is illustrated in Fig. 1. 

The end-point for first stage annealing was as- 
sumed when the number of cementite particles ap- 
pearing in 60 consecutive fields was less than 12 when 
a magnification of 500 diameters was used. A further 
criterion was that at the same magnification all the 
cementite particles should appear less than %¢ in. 
in diameter. The minimum period needed to com- 
plete the first stage was determined at least three 
times for each composition. 

Some slight scatter in the results was evident, pos- 
sibly due to differences in cooling rates or segregation 
effect. However, the scatter was not greater than +14 


ANNEALING OF BLACKHEART MALLEABLE IRON 


Tas_e 2— Time REQuiIRED TO COMPLETE 
First STAGE ANNEALING 














Trace Element Time* 
Series Number Content, % hr 
Tin 1 0.007 2414 
: 0.014 2414 
3 0.020 2414 
4 0.027 2414 
5 0.046 2414 
Antimony 1 None Detected 2614 
= 0.003 251% 
3 0.004 26 
4 0.010 2614 
5 0.011 26 
Lead 1 None Detected 2414 
2 0.006 2414 
3 0.007 2414 
4 0.010 26 
5 0.029 2414 


* Average of at least three determinations to the closest half hour. 





hr for any one composition. The results are given in 
Table 2. The times listed are averages rounded off to 
the closest half hour. In view of the fact that the ab- 
solute values apply only to this experiment and only 
the relative values are of universal importance, 
greater precision was not deemed necessary. 

From the data it is evident that tin and antimony 
within the range of compositions listed in Table 1, 
do not have an appreciable effect on first stage an- 
nealing. In the case of lead the minimum time re- 
quired for first stage annealing is the same at all 
the levels but 0.010 per cent. It could not be deter- 
mined why this particular irregularity existed, but 
its presence was definitely established. There is a 
possibility that some other factor may have entered 
in the experiment at this stage. In any case a more 
intensive study of the range 0.007 per cent to 0.029 
per cent lead should be carried out. 


Second Stage Annealing 

1. Method and Observations 

Several as-cast pencils of each composition were 
given a complete first stage annealing treatment at 
1750 F and then cooled in still air. The bottom half 
inch of each pencil was discarded and the remainder 
cut into slices 54, in. thick. Five such slices from 
one pencil of each composition were then heated to 
1750 F for 15 minutes, cooled at the maximum fur- 
nace cooling rate until a temperature of 1550 F was 
reached; further cooling to a temperature just below 
the critical range was carried out at various con- 
trolled rates. The specimens were then removed from 
the furnace and quickly quenched in water. Ideally, 
the maximum cooling rate which would allow the 
completion of second stage annealing, or alternative- 
ly, the minimum time to complete the annealing treat- 
ment isothermally should have been determined. How- 
ever, this would have entailed the use of cooling 
rates as slow as 5°F per hour or excessively long 
holding times. This was obviously impractical and a 
faster although less precise method was chosen. 

Five different cooling rates were used for each com- 
position. The proportion of pearlite remaining after 
each treatment was estimated by a lineal method (Ap- 
pendix 1) with the intention of determining by ex- 
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trapolation the maximum cooling rate for a complete 
anneal. 

The central cross section of each specimen was 
polished and etched for metallographic examination. 
Typical microstructures are shown in Figs. 2 and 3. 
Three random fields of each specimen were photo- 
graphed on 7 x 5 plates at a magnification of 165 


Fig. 2— Microstructure of A5 at the various cooling rates. 
A, 428°F /hr; B, 101°F/hr; C, 78°F /hr; D, 52°/hr; E, 
23°F /hr. Etch—2% Nital. Mag.— 100X. 


<liameters, each photomicrograph thus representing a 
little less than one square millimeter of the specimen 
surface. The major restriction on the randomization 
lay in the fact that areas showing decarburization or 
shrinkage were not photographed. The per cent pearl- 
ite (by volume) was then estimated from the pho- 
tomicrographs. 

The results obtained by this procedure are given 
in Tables 3, 4 and 5. The cooling rates given as 428, 
435 and 465°F/hr are the average cooling rates ob- 
tained by shutting off the power to the furnace. All 
the other cooling rates were constant rates obtained 
under controlled conditions using an electronic pro- 
gram controller. 

A substantial degree of scatter is evident in the 
data shown in Tables 3, 4 and 5. This may have 
been due to heterogeneity in the material or varia- 
tions in the heat treatment, but are most likely in- 
troduced by the lineal method of estimating the per 
cent pearlite. Therefore it was necessary to use sta- 
tistical methods to analyze these results. The method 
of analysis is described in Appendix 2. 
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Fig. 3— Microstructure of the “A” series at a cooling rate 

of 52°F /hr. A, no antimony detected; B, 0.003% antimony; 

C, 0.004% antimony; D, 0.010% antimony; E, 0.011% an- 
timony. Etch—2% Nital. Mag.— 100X. 


TABLE 3 — RESULTS OF ANTIMONY EXPERIMENT 
(VOLUME PER CENT PEARLITE) 





Cooling Rate (°F/hr) 
Compo- 

















sition 128 101 78 52 23 

- gos S45 £983 26.1 aA! 

A, 55.7 44.9 39.4 13.7 1.1 

66.4 37.5 13.9 29.9 2.9 

Aver. 58.2 38.9 38.9 $3.2 13.7 

5 63.4 — 405 #4307 °&«&154 0 

As 65.7 22.5 22.9 16.6 1.7 

56.1 39.4 23.3 20.7 0.9 

Aver. 61.7 34.1 25.6 11.8 0.9 

a. — ~ 38.0 214 . awe ¥ 

As 46.8 29.1 37.3 30.7 11.9 

54.6 25.1 29.4 19.9 1.6 

Aver. 48.9 27.4 29.7 22.6 4.5 

228 : ee aaa a 24.8 28 °° #&«126 

Results of the Statistical Analysis A, a3 59 313 55 133 

1. The Effect of Lead 56.4 55.0 34.0 26.0 18.6 
The statistical analysis has shown, that up to a Aver. 65.5 48.5 30.0 24.0 14.8 
level 0.029 per cent, lead has no appreciable direct 69.1 347 293 701 98 
effect on second stage annealing. However, the judg- A; 67.2 48.9 37.2 31.2 8.1 
ment of significance is relative to the experimental 54.1 49.3 48.7 29.2 13.8 
Aver. 63.5 43.3 38.4 33.5 10.6 





error. It is possible that further refinements of the 

















R. C. SHNAy, J. E. WILSON AND J. E. REHDER 


Tasie 4— Resutts or LEAD EXPERIMENT 
(VOLUME Per CENT PEARLITE) 


TABLE 5 — RESULTs oF TIN EXPERIMENT 
(VoLUME Per CENT PEARLITE) 





Cooling Rate (°F/hr) 
Compo- 


~ Cooling Rate (°F/hr) 
Compo- an a 
































sition 435 101 78 52 23 sition 465 101 78 52 23 
54.5 19.0 33.1 10.6 1.1 52.6 24.4 26.4 13.9 5.2 
Ly 45.8 29.3 36.6 13.7 1.0 T 62.4 29.8 $6.6 27.4 22 
50.6 30.1 28.6 15.7 1.4 53.6 35.8 30.0 6.1 9.2 
Aver. 50.3 78.5 32.8 13.3 1.2 Aver. 56.2 30.0 31.0 15.8 5.5 
65.0 27.0 35.8 20.2 4.7 64.6 20.2 26.6 15.2 48 
Lo 50.6 32.5 13.3 16.5 5.1 Te 51.4 35.3 34.8 15.9 4.1 
56.1 28.4 29.6 23.3 4.7 62.9 31.7 24.9 23.6 3.1 
Aver. 57.2 29.3 26.2 20.0 48 Aver. 59.6 29.1 28.8 18.2 4.0 
63.8 27.2 21.8 10.5 5.3 50.2 23.9 15.3 8.8 5.2 
L; 60.0 29.2 36.4 16.2 4.0 Ts 55.6 18.5 23.2 15.0 4.7 
57.5 24.6 27.8 11.7 4.7 56.4 $1.2 21.7 11.5 4.9 
Aver. 60.4 23.7 28.7 12.8 4.7 Aver. 54.1 24.5 20.1 11.8 4.9 
62.8 22.5 21.4 17.7 2.2 59.6 33.3 24.5 19.6 10.2 
Ly 716 27.2 21.6 16.1 3.6 T,4 57.2 20.2 29.1 17.7 6.0 
72.1 31.6 26.9 10.1 2.6 59.1 20.2 20.1 16.2 9.4 
Aver. 68.8 27.2 23.3 14.6 2.8 Aver. 58.6 24.6 24.6 17.8 8.5 
69.2 22.3 54.1 16.9 3.8 68.8 27.5 31.1 19.2 12.0 
L- 56.7 27.6 46.7 15.1 44 T; 63.3 518 18.7 20.5 10.1 
60.4 22.2 38.0 17.6 4.5 59.6 25.3 26.2 16.5 10.9 
Aver. 62.1 24.0 43.9 16.5 4.2 Aver. 62.9 34.9 24.7 18.7 11.0 








experimental techniques might have revealed a sig- 
nificant lead effect. However, it is doubtful if such 
an effect could be of any practical importance. 

It was found that although there was no significant 
effect due to lead itself, there was a real or signifi- 
cant effect due to the interaction between the lead 
concentration and the effect due to the different cool- 
ing rates. This can only be interpreted to mean that 
lead in concentrations up to 0.029 exercises only an 
indirect effect on the differences in per cent pearlite 
obtained as a result of the various cooling rates from 
135 to 23 F/hr. Since the practical foundryman is 
usually interested only in a relatively narrow range 
of cooling rates which will result in complete an- 
nealing, the interaction effect, therefore, can have 
little practical importance. Further analysis would be 
only of academic interest. 


2. The Effect of Tin 

The effect of tin on second stage annealing was 
found to be of definite significance. Since there did 
not appear to be any interaction effect between the 
tin content and the cooling rate, the effect of this 
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Fig. 4— Typical plot showing effect of cooling rate on the 
antimony series. 


trace element is probably the same at all cooling rates. 
Further statistical analysis of the tin effect showed 
that it could not be represented by a straight line 
and a least one maximum or minimum point must 
be present. 
3. The Effect of Antimony 

The effect of antimony concentration was found to 
be significant. However, the interaction effect was 
also found to be significant. The existence of this 
combined factor indicates that at different cooling 
rates the antimony effect cannot be expected to re- 
main the same. However this is not of great prac- 
tical importance since the interaction can only exert 
a minor effect on the maximum cooling rate for com- 
plete annealing. 

Determination of Maximum Cooling Rate 
For Complete Annealing 

For purposes of statistical analysis values obtained 
for per cent pearlite were transformed to arcsine 
Vper cent pearlite. This was merely a mathematical 
convenience and does not affect the results. The trans- 
formed values for each concentration were . lotted 
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Fig. 5— Typical plot showing effect of cooling rate on the 
tin series. 
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Fig. 6 — Effect of tin on second stage annealing. 


against the cooling rate on a semi-logarithmic scale. 
This is shown in Figs. 4 and 5. It was found that 
except for the points at the highest cooling rate the 
data appeared to be best represented by a straight 
line. Since the highest cooling rates were only aver- 
ages of the furnace cooling rates, it is not surprising 
that they did not conform. 

The best-fitting straight line was computed for 
each plot using standard regression methods. The 
points corresponding to the highest cooling rates were 
not included in the calculations. The equations of 
these lines were used to determine the cooling rates 
which corresponded to 1 per cent pearlite. This value 
was chosen as the criterion for complete annealing. 

The results of these calculations are shown in Figs. 
6 and 7. The curves drawn joining the points are 
intended mainly to illustrate the trends. 

The statistical analysis showed that neither the tin 
or antimony effects could be represented by a straight 
line. In both cases, the presence of a maximum or 
minimum point is indicated. A second maximum or 
minimum point could be present in the antimony 
effect but is very doubtful as far as tin is concerned. 

Discussion of Results 

An examination of Fig. 6 shows that tin has a 
graphitizing effect which reaches a peak in the vicin- 
ity of 0.014 per cent tin. As the concentration of tin 
is increased beyond this level, the graphitizing effect 
decreases rapidly until a concentration of around 
0.020 per cent is reached. The experimental points 
indicate a minimum around 0.027 per cent. However, 
this is not in agreement with the statistical analysis 
which showed the cubic effect to be non-significant. 
Futhermore, Rehder’s report? that 0.07 per cent 
tin made malleable iron unannealable also appears 
to rule out any increase in graphitizing effect beyond 
0.020 per cent. Since the differences between points 
corresponding to 0.020 per cent, 0.027 per cent and 
0.046 per cent tin are probably within the range of 
the expected experimental error, the trend is illus- 
trated by a straight line in this region. 

Antimony appears to have a strong graphitizing 
effect which reaches maximum at about 0.003 per 
cent. This effect drops to a minimum between 0.004 
per cent and 0.010 per cent antimony and then ap- 
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Fig. 7 — Effect of antimony on second stage annealing. 


pears to increase sharply. The presence of both a 
maximum and a minimum in this curve is borne out 
by the statistical analysis. 

Figures 6 and 7 show that both tin and antimony 
have strong graphitizing effects until a critical com- 
position is reached. The graphitizing effects decrease 
beyond the critical compositions. Whether or not ei- 
ther antimony or tin actually become carbide stabi- 
lizers within the ranges under study is difficult to 
ascertain from the data. In the case of tin, carbide 
stabilization appears to be present since the cooling 
rates drop as low as 6.9 F per hour. However, in the 
case of antimony the position and value of the mini- 
mum are not known. 

The main importance of the curves shown in Figs. 
6 and 7 is that they illustrate the complexity of the 
residual element effects which was first brought out 
by the statistical analysis. The existence of critical 
levels of residual element concentration is not un- 
expected. It has been reported that aluminum!° 
as well as titanium, vanadium and boron! all act 
as graphitizers until a critical level is reached. When 
the concentration exceeds the critical level these ele- 
ments act as carbide stabilizers. The theory has been 
advanced that the graphitizing effect of aluminum is 
due to its affinity for nitrogen—a powerful carbide 
stabilizer. After all the nitrogen has been taken up 
as aluminum nitride, any excess of aluminum stabi- 
lizes the carbides.1° It is probably more than coin- 
cidence that titanium, vanadium and boron are 
known to form stable nitrides. In the case of tin and 
antimony no reference could be found for the exist- 
ence of stable nitrides. However, it is. possible that 
these elements may produce their effects in analogous 
manners by combining with other carbide stabilizers. 

Conclusions 
1. First Stage Annealing 
Within the concentrations studied in this investi- 


gation, neither tin, lead or antimony appear to have 
an appreciable effect on first stage annealing. 
2. Second Stage Annealing 

Trace amounts of lead up to 0.029 per cent do 
not have a direct effect on second stage annealing. 
Antimony appears to promote graphitization reach- 
ing a peak at about 0.003 per cent. This effect de- 
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creases to a minimum somewhere between 0.004 and 
0.010 per cent, and increases sharply as the concen- 
tration is increased. Tin also appears to have a graph- 
itizing effect which reaches its peak at about 0.014 
per cent and then decreases sharply until a concen- 
tration of around 0.020 per cent is reached. As the 
tin concentration is increased above 0.020 per cent 
is appears likely that the rate of annealing gradually 
decreases. 

Tin and antimony appear to act on the rate of 
second stage annealing through different mechanisms. 
APPENDIX 
|. Quantitative Metallography 

The method of quantitative metallography used in 
this investigation was essentially a form of lineal 
analysis. A series of randomly oriented lines were 
drawn across each photomicrograph. The total pro- 
portion of all the lines intersecting or touching areas 
of pearlite was used as an estimate of the volume 
per cent pearlite. 

The basis for this method lies in the fact that the 
proportion of an area occupied by a given constituent 
is equal to the proportion by volume—if the follow- 
ing conditions are fulfilled: 11 

(1) All the constituents are uniformly distributed. 

(2) All the particles are randomly oriented (i.e., 
no preferred orientation) . 

These conditions were reasonably well fulfilled in 
this investigation since areas showing decarburization 
or shrinkage were avoided. For this reason all the 
values of per cent pearlite reported in the paper are 
actually the per cent of the volume excluding de- 
carburized zones and shrinkage cavities. 

The use of a lineal method to estimate the per 
cent by area (or volume) involves some uncertainty 
in the final results. However, this method requires 
only a small fraction of the time needed to measure 
the relative areas by more precise methods. The ac- 
tual procedure was to draw five lines on each photo 
micrograph. The orientation of each line was deter- 
mined from a table of random numbers. The only 
restriction on the randomization was that no lines 
were used which were less than 20 degrees apart. The 
total length of each line was measured, as was the 
length of each portion of line intersecting or touch- 
ing a pearlite area. The actual measurements were 
done uSing a pair of dividers and measuring to 4%» 
of 1 in. The per cent pearlite was obtained by the 
following formula 

: total intercept length of 5 lines 
oo. = total length of 5 lines = iP 

The accuracy of the lineal method obviously de- 
pends on the number of lines used. In order to 
check whether five lines were sufficient, 33 photo- 
micrographs varying from about 2 per cent pearlite 
to about 60 per cent were checked using a more 
precise method. This consisted of cutting out all the 
pearlite areas and weighing the pieces on an ana- 
lytical balance. The per cent pearlite was then ob- 
tained by dividing this weight by the total weight of 
the original photomicrograph (exclusive of margins) . 

Statistical analysis of the data showed that the aver- 
age difference between the two methods for the 33 
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fields was —0.50 per cent pearlite. A test showed that 
this average error was not significantly greater than 
zero, that is, the lineal method was not biased in 
any way. The standard deviation* of the differences 
was found to be 3.49. 


Pees Zz (x;— x)? 
*The standard deviation was estimated by s = No 


where the x; represents the individual differences, x represents 
the average difference and N the sample size (**). 


The group of 33 fields included 13 which contained 
relatively small amounts of pearlite. The differences 
in these cases were usually large. For this reason in 
the investigation the more accurate method of cutting 
out the pearlite areas was used whenever the propor- 
tion of pearlite appeared to be less than 15 per cent. 

ll. The Statistical Analysis 

The data shown in Tables 3, 4 and 5 were ar- 
ranged in the form of three 5 x 5 x 3 factorial ex- 
periments—one for each residual element. Two fac- 
tors, cooling rate and residual element concentration, 
were each studied at five levels with three complete 
replications. The cooling rate effect was included in 
the analysis, even though it is by no means an un- 
known quantity. This was done for two reasons: 

(1) To serve as a standard by which to compare 
the magnitude of other effects 

(2) So that any interaction or combined effect be- 
tween cooling rate and residual element concentra- 
tion could be detected. 

The factorial design is one of the most useful de- 
vices a statistician has at his command.} It is espe- 
cially well suited for chemical or metallurgical re- 
search where many interacting factors are involved. 
In brief, this type of experiment is one in which two 
or more factors are varied simultaneously. The total 
amount of variation in the experiment is then al- 
located to each possible source or effect. The sig- 
nificance of each effect is tested relative to an esti- 
mate of the random experimental error by means of 
a so-called F test. If it appears very unlikely that the 
variation attributed to an effect is due only to the 
random experimental error, the effect is judged to 





‘be significant or real. In this type of analysis there 


is always a finite probability of committing either of 
two types of error. The first type is committed when 
an effect is judged to be significant when it really 
is not. The second type of error is committed when 
a real effect is judged to be non-significant. The ideal 
test would minimize the probability of committing 
either error. However, as a rule this cannot be done. 
Therefore, the probability of committing the first type 
of error is fixed arbitrarily and a test is chosen which 
will minimize the probability of committing the sec- 
ond type of error. 

The effects studied in each of the factorial experi- 
ments were: 

1. The effect of cooling rate 

2. The effect of residual element concentration 

8. The interaction effect between the first two 

factors. 


+For a more complete discussion of this subject see references 
5, 6, 7, 8 or 9. 
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The criterion used was the volume per cent pearlite. 
The significance of each effect was tested at the 5 
per cent level. That is, a 5 per cent probability was 
chosen for the event that a non-significant effect 
would be judged significant. 

This type of analysis requires, among other things, 
that the data follow a normal or bell-shaped distribu- 
tion. However, this appeared to be unlikely as far 
as the data in this experiment were concerned. To 
get around this difficulty all the values for per cent 
pearlite were transformed by means of the relation- 
ship 





y = arc sine \/per cent pearlite. 

All the ensuing operations were carried out with the 
y or transformed values. Data transformed in this 
way are known to satisfy the usual requirements of 
factorial analysis.® 

The results of the statistical analyses are given in 
Tables A-2, A-2 (a), A-3, A-4 and A-4(a). Where the 
effect of a residual element was found to be signifi- 
cant, further analysis was carried out in order to de- 
termine in what way the effect occurred. For example, 
if the quadratic effect was found to be significant 
it could be interpreted as indicating the existence of 
a critical level where the effect of the residual ele- 
ment reached a maximum or minimum. 
(a) The Antimony Experiment 

In the antimony experiment the interaction effect 
was found to be significant when compared to the 
residual or error term. In this event the major ef- 
fects must be compared to the interaction. On this 
basis it was found that both major effects were sig- 
nificant. Further analysis of the antimony effect 
showed that it could be represented as a quadratic 
or a cubic curve and there was no justification for 
assuming a linear relationship. 
(b) The Lead Experiment 

The interaction of lead concentration with the cool- 
ing rate was found to be significant, even though the 
effect of lead itself was not. 


(c) The Tin Experiment 

The statistical analysis in this case showed that the 
tin content had a definite effect. Since the interaction 
was found to be non-significant it can be taken as 
another estimate of the experimental error. The usual 
procedure in this event is to pool both estimates of 
error (residual and interaction) and use the pooled 
estimate to test the major effects. This refinement 
actually increases the sensitivity of the analysis. 

Further analysis of the tin effect showed it could 
not be represented by a straight line. The signifi- 
cance of the quadratic component shows the presence 
of a maximum or:minimum. The effects higher than 
the cubic appeared to be significant but this finding 
cannot be viewed with much confidence due to the 
nature of the experiment. 
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TABLE A-2 — ANALYSIS OF VARIANCE FOR THE 
ANTIMONY EXPERIMENT 











Source of Sums of Degreesof Mean 
Variation Squares Freedom Squares F Ratio 
Cooling Rate —_10,019.34 4 2504.84 sane = 63.00** 
Antimony 262.07 
Concentration 1,048.28 4 262.07 ——-. = 6.59* 

39.76 

76 

Interaction 636.12 16 39.76 ai = 225° 
Residual 979.00 50 19.58 
(Error) 
Total 12,682.74 74 





TABLE A-2 (a) — FURTHER ANALYSIS OF THE EFFEC! 
OF ANTIMONY CONCENTRATION 





Linear Effect 121.27 l 121.27 aat27 = 3.05 
39.76 
597.86 
Q ic E f 1 597. —— = 15,.04°° 
Quadratic Effect 597.86 597.86 39.76 
$23.22 
Cubic Eff $23: 1 $23. =e se 469° 
ubic ect 23.22 23.22 39.76 
5.93 
ind 93 1 d ame == ©.95 
Remainder 5.9 5.93 39.76 
Total 1,048.28 4 262.07 


* Significant Effect ** Highly significant effect. 





TABLE A-3 — ANALYSIS OF VARIANCE FOR 
THE LEAD EXPERIMENT 











Source of Sumsof Degreesof Mean 
Variation Squares Freedom Squares F Ratio 
Cooling Rate 13,068.24 4 3267.06 — = 89.95°° 
36.33 

i t ——_ = I, 
Concentration 147.73 4 36.93 36.33 02 
Interaction 581.29 16 36.33 ae = 3.76° 
Residual (Error) 482.72 50 9.65 
Total 14,279.98 


* Significant Effect ** Highly significant effect. 





TABLE A-4 — ANALYSIS OF VARIANCE FOR 
THE TIN EXPERIMENT 














Source of Sums of Degreesof Mean 
Variation Squares Freedom Squares F Ratio 
Cooling Rate 10,129.76 4 2582.44 ea —178.47** 
Tin 
Concentration 260.91 4 65.23 = = <> 
14.19 
10.90 
i 74. ] 10.99 —__— = 0.71 
Interaction 174.34 6 90 15.95 7 
Residual (Error) 762.38 50 15.25 
Total 11,327.39 74 





TABLE A-4 (a) — FURTHER ANALYSIS OF THE 
EFFrecr OF TIN CONCENTRATION 





Linear Effect 36.76 1 36.76 20-76 _ 959 
14.19 
131. 
Quadratic Effect 131.82 1 131.82 ae = $25° 
Cubic Effect 13.63 1 13.63 a... = 0.96 
14.19 
Remainder 87.70 1 87.70 a = 6.18* 
Total ' 260.91 4 


* Significant Effect ** Highly significant effect. 
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DISCUSSION 


Chairman: C. L. Carter, Albion Malleable Iron Co., Albion, 
Mich. 

Co-Chairman: L. E. Emery, Marion Malleable Iron Works, 
Marion, Ind. 

W. A. KENNEDY! (Written Discussion): The authors of this 
paper are to be commended for initiative and carrying through 
the work that they have been doing on this subject. Far too 
little is now known by the malleable foundryman on this 
phase of his production work. 

It is indicated in the paper that there is an intention to 
pursue this research work project. We shall look forward to 
further reports by these investigators for clarification of some 
of the factors that, as of the present, are not too clear. If the 
intended purpose is to be attained, the basic composition with 
which to operate can best be one that conforms with practices 
generally recognized as standard by the industry, the com- 
position relationship being maintained with a minimum of 
deviation throughout the tests. 

That objective has not been held for A, L and T heats 
as given in Table 1 in that the silicon for the L heat is very 
low and materially out of line with the two others. As a second 
point, to insure the production of test castings that will be 
entirely free from primary graphite, the carbon should best be 
kept low, with the level at something like 2.40 being desirable. 
As a third point it would be desirable to use a higher man- 
ganese, preferably enough to bring the heats into conformity 
with the widely adopted commercial practice of being at least 
up to the value of 2S+0.15 per cent. 

There is a possibility that the peculiarity of action of the 
L heat which showed up on the 0.010 per cent lead content 
as given in Table 2 can be traced to one or more of the above 
factors. Can it be that the “active play”, noted at the time of 
running the L melt, caused an inter-action between the lead 
and silicon, with the result that the silicon came out low for 
this melt? This would be a fruitful ground for study if not 
already investigated. 

At least the running down of the effective trace elements 
looks like something that will require the maintenance of more 
than ordinary uniformity in materials, operating techniques and 
observation accuracy, with the need for extensive checking and 
cross-checking on specific determinations. A multiplicity of heats 
rather than resort to too much statistical work would seem to 
be a basic requirement. 

Mention is made in the first paragraph of 0.07 per cent tin as 
“known to render malleable iron unanneable”. With this in 
mind, it would have been interesting and doubtless very help- 
ful to carry the tin series up to and include this quantity. 

Mr. SHNAY (Reply to Mr. Kennedy): The authors regret that 
the analyses of the experimental material did not conform very 
well with industrial practice. However, the relative effects noted 
in the paper* should be applicable even though the absolute 
values are*™ not. 


1. Supervisor of Products, Grinnell Co., Inc., Providence, R.I. 
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Certainly the data from many more heats would produce 
more information and more precise results would be obtained. 
There are practical limitations in any laboratory and some 
compromise must be reached. The use of statistical methods 
enable the experimenter to get more information from a given 
body of data. In this experiment, many more melts would 
have been required to obtain the same information if the 
statistical methods were not used. In fact “ordinary common 
sense” methods would not likely reveal the presence of inter- 
action effects. 


W. K. Bock? (Written Discussion): These comments divide 
themselves into two groups: the first, comments of a metal- 
lurgical nature, and second, those of a mathematical nature. 

Table 1 of the authors’ paper furnishes the material for 
the metallurgical comments. It is noted that the manganese- 
sulfur ratio of the “A” series of melts is 2.24, of the “L” series, 
1.82, and of the “T” series, 2.52. These values are somewhat 
lower than those usually encountered in malleable iron. It 
is noted further that the silicon content of the “L” series is 
only 0.77 per cent. 

Had these data been obtained on commercial heats, they 
would have been off-analysis heats. Such metal sometimes pro- 
duces odd results in annealing. It is probably pointless to 
speculate on whether the peculiar annealability of such heats 
is due to the analysis itself, or to conditions which produced 
the off-analysis. 

In this comment we can merely point out these deviations 
from normal analysis and note that they might have produced 
annealing results which in part cover up the effect of the 
antimony, lead, or tin which was added. 

We turn now to the comments with a mathematical nature. 
In discussing the reasons for use of statistical methods of 
analysis of the data, the authors refer to the substantial scatter 
as one of the reasons for the use of these methods. Some of us 
who have been trying to use statistical methods in the foundry 
have insisted that it is not possible to improve the data by any 
statistical manipulations. The results can only be as good as 
the data themselves. I am sure that the authors do not wish 
to contradict this statement in spite of the implication which 
might be read into their statements. 

In the analysis of their factorial experiments the authors 
used the arcsine transformation. It should be pointed out that 
this is not a bit of mathematical hocus-pocus, but is a necessary 
standardized procedure for handling data in a situation like 
that encountered by the authors. 

In connection with Fig. 4 and 5 of the paper, however, we 
believe that the authors have carried this transformation further 
than was necessary. Had they plotted the per cent pearlite 
against cooling rate on semi-log paper instead of the trans- 
formed variable against cooling rate, they would have obtained 
straight line plots just as they had done in Figs. 4 and 5. They 
could then have made use of Markoff’s theorem for computing 
the line of best fit. This would have resulted in writing the 
per cent pearlite as a function of cooling rate instead of the 
rather clumsy transformed variable as a function of cooling rate. 
This would have made the graphs and their interpretation a 
little easier and simpler. 


Mr. SHNAY (Reply to Dr. Bock): Dr. Bock’s remarks concern- 
ing this paper are very welcome. The effect of the manganses:sul- 
phur ratio is well known. Admittedly, in this project the Mn:S 
ratios are not optimum. However, since comparisons between the 
various series were not made it is difficult to see how this 
factor could have had any major influence on the conclusions. 
In this connection it should be pointed out that although the 
quantitative values reported in this paper would not apply 
to commercial practice, the relative effects of increasing amounts 
of the residual elements should have general significance. 

Figures 4 and 5 were intended only to illustrate the method 
used to obtain the values plotted in Figs. 6 and 7 (the cooling 
rates for 1% pearlite). Dr. Bock’s suggestion as to the use of 
Markoff’s theorem to show the per cent pearlite as a function 
of cooling rate is certainly sound. However, this relationship 
has been reported previously and was not of primary interest 
in this work. 

The use of the arcsine transformation is an unfortunate but 
necessary complication. Without this step the statistical analysis 
would have been almost meaningless. 


2. Manager of Metallurgical Research, National Malleable and Steel 
Castings Co., Cleveland. 








PRINCIPLES OF AGGLOMERATING PROCESSES 


By 


Carl Ludwig* 


ABSTRACT 

The basic relevant role that particle size distribution 
can play in synthesizing plasticity, the essence in any 
agglomerating process, is herein discussed. The paper 
discusses packing dynamics and sources of strength, 
developing the theme that although the liquids or so- 
called plasticizers cause essential conveniences which 
help fines gather, they are too often over-emphasized 
mostly because we itnagine they alone provide the cure. 
No matter how prudently we select the ingredients, 
success is still measured by the skill with which the 
formula is mixed or associated so realistically that the 
mixer becomes the pivotal item in any agglomerating 
scheme. 


Agglomerating processes, “the making of big ones 
from little ones,” have been with us for centuries. In 
early times men hand-molded pots and brick using 
mineral fines that nature had prepared or weathered 
into willing packaging characteristics. 

This paper attempts to explain that the mechanics 
of packing particulate matter, except for scale, is not 
unlike that in any integrated block structure. No 
matter what mechanization we invent to put fines 
together, the preliminary material preparation will 
always be the deciding factor in the flowsheet. 

As the more curious of man inquired into natural 
plasticity, he found that two factors affect the response 
of sands to organized flow or forced packing. The first 
is related to particle size distribution, and the second 
is triggered by liquid or plasticizing additions. 

Enough plasticizer can correct and persuade the 
most stubborn of mixtures to feel kindly toward 
agglomeration. However, it is the particle size distri- 
bution which begets the basic conduct. 

Unfortunately, the number of possible combinations 
of particle shapes and sizes is virtually infinite, and the 
behavior is compounded by the surface properties of 
different materials. This makes it difficult to prescribe 
the optimum particle size distribution for any strange 
problem. 

Fortunately, we can formulate some opinions 
through logic or analogy. For instance, when solids 
are degraded or crushed in a process where all the 
fractions are collected, the size distribution of the 
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accumulated fines is in accord with normal repacking 
habits. On the other hand, when particle sizes are 
lost in grinding, washed away as tailings, separated as 
dust, or even missing because the particles were di- 
mensioned by chemical reaction, then we should 
suspect that the size distribution is not the optimum 
for agglomeration. Lack of micro-size fractions and 
predominance of uniform sizes are the most frequent 
faults. 

Any particulate size distribution that improves the 
packing dynamics also contributes to high static 
strength. In a magnified concept the strength of an 
agglomerate is patent in the structure of any stone 
wall. Such structures owe their stability to the 
mechanical interlocks established when the larger 
rocks are effectively wedged by the smaller ones. Sig- 
nificantly, most ancient walls were put together with 
relatively low pressures and in many instances, have 
endured without help from any cementing binders. 


Figure 1 shows the reason for this. Note that the 




















Fig. 1 — Sketch shows (A) uniform particle size, symmetrical 
pack and (B) random particle size, non-symmetrical pack. 
55-105 














C. Lupwic 


particle cluster with uniform sizes (A) can be easily 
divided at the symmetrical and distinct cleavage 
planes, but the random assembly (B) mechanically 
resists division because its non-symmetrical packing 
habits interrupt or actually interlock the cleavage 
planes. Regardless of scale — be it rocks or colloidal 
particles — the cumulative effect of the mechanical 
locks between particles determines the stability and 
endurance of the mass. 


Particle Size Distribution Influences Packing 


From Fig. | we can see also the influence of particle 
size distribution on packing dynamics. In compression, 
the weak cluster (A) having a predominance of one 
size, resolves into a locked or nonyielding truss-like 
system. It does not easily undergo any molding or 
compressive flow. Conversely, the random scheme (B) 
with its serpentine force components, is unstable in 
compression. This cluster is plastic and can be pushed 
in combination with similar subassemblies into larger 
masses. 

The foregoing suggests that the preferred particle 
size distribution involves a number of contacts between 
the three average size fractions which (in the scale of 
the problem) best qualify as coarse, medium and fine. 
This optimum concerns the equilibrium of contained 
surface contact, not an equal mass of each size fraction. 

Since any of several packing schemes may satisfy the 
preferred geometry, the practical procedure with a new 
problem is to relate the surface areas of the three most 
likely particle size groups with a previous history of 
similar substances. In this analysis it is just as im- 
portant to correlate the particle shapes and, because 
particle degradation may occur during packing, the 
crushing strengths of the materials being compared. 
Observation of simulated packs within a glass gradu- 
ate, through a low-power microscope, can be quite 
helpful. 

At times the ideal particle size preferences are com- 
promised to emphasize porosity. A pack of uniform 
sizes, such as in Fig. 1 A, can have 47 per cent void 
space. By filling the voids with compatible shapes we 
approach the solid, the practical limit being about 8 
per cent voids. 


Effect of High Packing Pressures on Void Filling 


Since the wanted void filling ability is dependent 
only on particle variety we should question any belief 
that high packing pressures can be used economically 
to win either high density or strong agglomerates. Of 
course, any high pressure that can fracture the par- 
ticles while packing creates potential void fill, but the 
probability that the fractured material will migrate to 
an interlocked position (Fig. 1 B) is small. More 
likely, the first crushed fragments will form local 
bridges which selectively support and dissipate the 
forming pressure. Extremely high pressures could 
overpower the local jamming, but it can never be 
conducive to any systematic packing. 

Instead of a high pressure compelling the particles 
to pack, it is more nearly correct to consider the 
agglomeration as a progressive gathering of sub- 
assemblies into a larger interlocked structure. Such 
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action is probable only when the loose bulk can suffer 
some deformation without fracture and when there is 
both a tendency for and freedom of the individual 
particles to find their own equilibrium locations dur- 
ing the packing. 

This inherent self-gathering phenomenon is called 
“bulk plasticity”. Basically it can be synthesized by 
adjusting the screen analysis to get the fluosolid 
mobility (Fig. 1 B) and by complementing the geo- 
metric adjustment with the addition of liquids or 
plasticizers. 

It follows that any liquid medium among fines will 
lubricate the particle migration and, because the liquid 
can be displaced, will also afford a higher freedom of 
movement to the nonyielding solids. Less obvious, but 
highly significant in the process, these liquid plasti- 
cizers, when displaced or sheared, give rise to unsatis- 
fied surface tension forces which, seeking equilibrium, 
cause the particles to reach the optimum locations. 

Water is the most commonly used plasticizer, al- 
though oil, wax, tar or any material that will submit 
to moderate shear can be used. Mineral or organic 
solids that disintegrate as micron suspensions of high 
surface-tension activity may be added either to stimu- 
late the liquid energy or to reinforce the film strength 
so it can better lubricate the particle migration. 
Bentonite, starch, sulfite liquor, dextrin and even 
waste beer mash are in this category. Wetting agents, 
although they lessen the helpful surface-tension forces, 
are useful in that they spread the liquid activity to 
more points of action. 


Basic Surface-Tension Phenomena Illustrated 

Figure 2 illustrates some of these basic surface- 
tension phenomena. View (A) shows two unattached, 
thoroughly wetted solid spheres. When these are 
brought together at (B) the capillary-like valleys be- 
tween the particles are effectually filled with water, 
and the contained liquid surface tensions exert their 
maximum effect to gather the particles. 

In contrast, view (C) shows two dry particles not 
really associated with two spheres of water. Here the 
surface tensions are expended in holding the water 
in droplet form and in maintaining an air film ad- 





Fig. 2— Sketch illustrates some basic surtace-tension 
phenomena. 
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TABLE | — APPROXIMATE PARTICLE VOLUME AND SURFACE RELATIONS 
Sieve Size . Particle Number of Frequency Ratio, Surface Area, Surface Surface 
No. Opening, Size, Particles Sieve No. 4=1 Sq In., in Area, Ratio, 
In. Microns in 6 Cu In.* 6 Cu In.* Acres/Cu Ft Sieve No.4=1 
4 0.1875 4,760 1,739 1 192 0.009 1 
8 0.0937 2,380 13,912 8 384 0.018 2 
16 0.0469 1,190 111,120 64 768 0.035 4 
30 0.0232 590 917,990 528 1,552 0.071 8 
50 0.0117 297 7,157,220 4,116 3,078 0.141 16 
100 0.0059 149 55,815,000 32,096 6,104 0.280 32 
200 0.0029 74 470,020,000 270,280 12,418 0.570 64 
250 0.0024 61 829,220,000 476,840 15,005 0.689 78 
325 0.0017 44 2,333,200,000 1,341,700 21,184 0.972 110 
400 0.0015 37 3,396,500,000 1,953,100 24,000 1.102 125 


* 6 cu in. is equivalent to 1 lb of solids at 288 Ib/cu ft bulk density. 





sorbed on the solid. When this poorly wetted or 
inefficiently prepared cluster is assembled at (D), the 
adhesion in the capillary valley is apparently weak, 
not only from the wasted state of the surface-tension 
forces, but also from the trapped air in the system. 


Capillary Forces in Agglomeration Process 

The worth of these capillary forces in the agglom- 
eration process can be tested in lifting a glass off a 
wet bar, or more academically demonstrated by 
squeezing a drop of water between two glass plates. 
The two plates easily slide in the parallel direction, 
but the surface tension forces within the liquid capil- 
lary film strongly resist any perpendicular separation. 
If the geometry of the contact planes were not parallel 
— spherical as in Fig. 2 B —then you find that the 
surface-tension forces seeking equilibrium, not only 
pull the tangent surfaces together (resist separation) 
but also try to orient the contact geometry into equal 
capillary volumes or, in reality, gather the adjacent 
planes or particles into the most intimate packing 
habits. 

One might challenge the value of such packing by 
claiming that once the liquids within the capillaries 
evaporate, the surface-tension forces disappear and the 
piece could disintegrate. Indirectly, the reverse is true, 
because as the liquid evaporates, the capillary films get 
thinner and the surface-tension forces progressively in- 
crease, pulling the particles still closer together. This 
natural progressive packing is evidenced by a drying 
shrink. 


Significance of Liquid to Solid Surface Tensions 

It is difficult to imagine any telling effect from these 
liquid tensions either to hold or pull rocks in place 
while building a stone wall. This is because the surface 
to mass ratio is low, but in the agglomeration of min- 
eral fines we always have high surface to solid ratios. 
In fact it is possible for a shovel full of fines to contain 
an acre of area so the surface-tension forces can ap- 
proach amazing value. However, their potential can be 
wasted unless a screen analysis is chosen to promote a 
preferred packing geometry and a liquid plasticizer is 
so distributed that it can best contribute to the useful 
liquid to solid surface tensions. Table 1 gives some 
surface and capillary statistics of spherical particles to 
emphasize this point. 

Unfortunately, most of us stop the screen analysis at 
200 mesh and this presumed convenient end point pro- 


motes deceiving conclusions in trying to relate packing 
or plasticity phenomena. 

In Table 1 we see that a unit weight of 200-mesh 
particles has one-eighth the frequency of contact, or 
capillaries, and about one-half the surface area as the 
same unit weight of 400-mesh particles. At 37 microns 
or about 0.0015 in. diameter, a 400-mesh particle may 
appear insignificant, but this size may exist by the 
millions, and as a group, often manifest the principal 
characteristics of plasticity, packing, or reaction rate. 

Even when the particle size analysis is properly ad- 
justed, good agglomeration requires intimate mixing of 
the various fractions. Hence the mixing station be- 
comes the pivotal point in any agglomeration flowsheet. 

There are several types of mixers that can be used, 
ranging in action from gentle stirring to intensive at- 
trition milling. The choice depends entirely on the 
analysis of the starting material and the extent of the 
natural preparation prior to mixing. 

For example, some filter cake cross-sections showing 
a 10 per cent average moisture content may have a 
three-fold variation from one surface to the other, and 
the particle size variety in the cake may exhibit similar 
stratification. Such a material requires a primary mix- 
ing to achieve some degree of uniformity. Stockpiling 
and indifferent feeding from bins present similar prob- 
lems because of possible segregation and changes in 
distribution analysis. 

Another troublesome characteristic is the high affin- 
ity of some fines for liquids. Although this is, in a sense 
a positive virtue, it demands a strong blending action 
to overcome the selective affinity. In fact, this phenom- 
enon is commercially used to separate readily wetted 
clays from sandy mixtures. With gentle stirring, a seed 
of wet clay will ignore the sand and gather onto itself 
only other fine clay particles. In other words, the cohe- 
sion of clay to clay is greater than the adhesion of clay 
to sand, unless a force is used to promote better adhe- 
sion. Any mixing action must be strong to discourage 
the selective wetting reaction. A feeble effort can only 
segregate such mixtures and defeat its purpose. 

High-speed agitation will also segregate constituents 
of different specific gravities, so the preferred mixer 
usually has a comparatively slow speed combined with 
strong milling action. As an added advantage, this type 
of milling action (attrition) has the most positive plas- 
ticizing tendency. Attrition milling smears the particles 
against each other, rubs off the adsorbed air films, 
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pushes out the trapped air and discourages any surface- 
tension forces wanting to gather the liquids into the 
bead shapes of Fig. 2 D. During any mixing the dis- 
placed liquids should fill the capillaries between the 
particles and gather the particles into subassembled 
clusters. 

Excessive agitation will flocculate some fines and li- 
quefy certain plasticizer gels, so it is possible to overdo 
the mixing. However, these cases are quite rare. More 
often the plasticity depreciates, because extended agita- 
tion fractures some particles, exposing fresh surface 
areas which sponge up the liquids and a batch appears 
to dry up or stiffen. 

As a rule some particle size degradation while mixing 
is useful. There are several reasons why this is true: 
First, the micron-size abraded fines of high surface-to- 
mass ratio increase the surface-tension activity. Second, 
the degradation knocks off odd corners and projections, 
naturally rounding the aggregate pieces into more com- 
patible shapes relative to the scheme being subassem- 
bled. 

Third, the freshly fractured surfaces, when made in 
the mixer appear to be more easily wetted by an added 
liquid. The writer observed that much better results 
are obtained when the fines are partially fractured in 
the mixer, to meet a required particle size distribution, 
than when the fines are fractured entirely outside the 
mixer to a similar screen analysis and then blended 
without further degradation. 

Perhaps in dry grinding the newly created solid- 
surface free energy is stabilized by adsorbed air films 
which are difficult to dissociate, but when this surface 
energy is created in the mixer, it can immediately seek 
equilibrium with the plasticizing liquids; hence the 
wetting action is expedited. 

Need for Plasticity and Fludity Emphasized 

In any raw material preparation prior to agglomera- 
tion you cannot overemphasize the need for plasticity 
and fluidity. Regardless of how we gather together the 
loose bulk, some flow to final seizure must occur in 
molding to shape. Without some freedom in flow and 
preorganized subassembly, one must hope for a rather 
fortunate funneling of confused particles into their de- 
sired positions. 

On the other hand, with a semi-fluid and plastic bur- 
den, plus some flow to final seizure, one can visualize an 
almost automatic intermeshing of particles on a pro- 
duction scale. First, because the burden already has a 
subassembled nature; second, because the flow during 
packing will lead most disordered particles into ideal 
arrangements because the ideal represents the least re- 
sistance to flow. This akin the action of logs floating 
downstream to a sawmill and aligning themselves into 
raft-like structures. 

A foundry molder inadvertently emphasizes these 
flowpacking dynamics by riddling as well as ramming 
his sand mixture into the confined space of a flask. 
Wisely, he compensates for the short flow path by using 
a well plasticized and partially assembled accumulation 
of loose fines. Presses or tableting machines that ag- 
glomerate fines in closed cavities with short flow pat- 
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terns closely emulate foundry batch molding tech- 
niques. 

Agglomerating machines that use either rams or au- 
gers to push plastic masses through dies have an ad- 
vantage over closed-cavity machines in that the path 
of flow is much longer. As a result the particles of the 
agglomerate usually show a greater extent of inter- 
locking in the final shape and the pre-assembly or mix- 
ing can be de-emphasized. 


Action of Binders Discussed 

This discussion would be incomplete without some 
comment on binders. The term is often misused; al- 
most anything added to a mineral mixture is usually 
called a binder, even though the binding action is not 
always the result of cementation. 

Some agglomerates may double in final strength with 
only 0.25 per cent addition of starch or bentonite. One 
can hardly imagine that so minute a fraction upgrades 
the strength while acting merely as a glue. In some in- 
stances it is possible that the extra mixing required 
to incorporate this dash of seasoning accidentally adds 
enough incidental attrition to improve the plasticity. 
As a general rule, the so-called binders successfully 
used in limited quantities owe most of their binding 
effect to their intrinsic surface forces which benefit 
both the liquid and solid packing tensions, not to any 
glue-like action holding the surfaces together. 

Of course, there are borderline exceptions to this 
theory. Many agglomeration processes find it econom- 
ical and necessary to use such things as portland cement, 
sodium silicate, molasses and coal tar to fortify the 
strength and weathering characteristics of the shapes 
by means of a partial chemical bond. Significantly some 
binders can reduce the attrition milling required to in- 
duce the basic plasticity, hence compound the value of 
their addition. 

The wisdom of using binders depends on the overall 
cost and many industrial processes overemphasize the 
addition of agents to win so-called “plastic” agglomera- 
tion. The more economical approach is to organize the 
particle distribution to effect “systematic” agglomera- 
tion with the bare minimum of additives. Often water 
alone as a binder-plasticizer (plus proper agglomerat- 
ing techniques) can suffice to hold fines through cal- 
cining, sintering or reduction stages, especially so when 
the overall process is designed to suit the burden. 

The foregoing remarks do not pretend to explain all 
the mysteries involved in making “big ones from little 
ones”. Every installation or each material has its own 
peculiar characteristics which are best satisfied in one 
of several agglomerating or molding schemes. 

In recent years within the foundry industry we have 
become increasingly concerned with what is fundamen- 
tal to the selection, preparation, and molding of foun- 
dry sands. The author suggests that foundry problems 
have much in common with those of other industries 
equally concerned with the shaping of sand-like mate- 
rials; and he hopes that his comments on the funda- 
mentals of agglomeration processes in general will be 
of value to the Foundry Industry as it continues to 
move toward applying fundamental knowledge in solv- 
ing foundry sand problems. 








DISCUSSION 


Chairman; Jake Dee, Dee Brass Foundry, Houston. 
Co-Chairman: F. P. GortrMaNn, Standard Sand Co., Grand 
Haven, Mich. 


F. S. Brewster! (Written Discussion): It has often been said 
that we in the foundry could learn a great deal about our 
molding materials, such as sand, by studying other fields where 
granular particles are worked into useful masses. 

This paper is an excellent step in this direction and will bear 
close study in our effort to learn more about the preparation 
of sand. The refreshing style in which it is written is especially 
welcome to technical readers. 

This writer feels, however, that there are several points which 
should be kept in mind when translating the information here- 
in contained into foundry experience. First, it would be well to 
know what the aim is in making a compact. In other words, 
what do these other industries want their compacted mass to 
be and do? 

Figure 1 B is extremely useful in showing the foundryman 
just what he does not want in his sand. It clearly shows the 
fallacy of trying to open up a tight sand with coarse grains. 
Such an impermeable structure would be desirable in, say, the 
refractory field but not in a green sand mold. Something be- 
tween No. 1A and 1B would be more desirable. 

Actually it is possible to create a very strong sand core by 
pressure alone. This was done in England, using pressure of 
about 10 tons per square inch on urea bonded sand. Baking 
did not increase the strength but merely removed the gas. Cores 
were used to form inaccessible precision passages. 

The occurrence of attrition in mixing is useful in many proc- 
esses. Webster defines attrition as a wearing away or grinding 
down by friction. Here again the foundry must abstain from 
using this tool, however useful in producing plasticity, unless 
we are willing to endure ever-changing sand properties. 

Reference to high and low speed mixing is of course to ex- 
tremes of mixer action not found in the usual foundry sand 
mixer. We must not infer that segregation of sand constituents 
is likely to occur in any of the several generally accepted types 
of sand mixers. 

A later reference to the desirability of particle size degrada- 
tion or grinding must also be related to some other unidentified 
industry, and not to the foundry. 

Our understanding of the function of grain distribution and 
agglomeration certainly must be improved by this timely paper. 
The man at the muller will, however, do well to be very cau- 
tious about using size sortings and grinding procedures foreign 
to the aims of good foundry sand preparation. 


G. J. Grorr? (Written Discussion): The seeking, by foundry- 
men, of experience from allied industries has often been urged 
by this discussor. Mr. Ludwig is welcomed and his contribution 
well appreciated. 

In this borrowing of experience, the foundryman need not 
proceed by wholesale adoption: he need use only those tech- 
niques suited to his particular needs. This discussion is directed 
to outlining, insofar as the discussor’s experience allows, the 
degree to which the principles advanced in the paper are so 
suited. 

Let us first consider the role of the mixer. The foundryman 
puts in some given amount of sand, binder and usually water. 
The mixer is expected to turn out a homogeneous mass of 
sand grains with the bond properly prepared and distributed. 
Assuming bond preparation to be within the capability of the 
mixer, then homogeneous becomes the key word. 

The best the muller can be expected to do is to achieve a 
random arrangement of sand grains evenly coated with bond 
material. Dependence on the mixer to effect any “preferred ori- 
entation” is an invitation to trouble. If orientation occurs, the 
whole particle size distribution must produce an orientation 
more stable than any other distribution that can be selected 
from part of the grains present. If this is not the case, if the 
mixer can orient some grains in a selective fashion, then the 
foundryman gets more than one grade of sand from the same 
batch. No standardization of molding procedure is possible and 
variation in results is inevitable. 


1. Brumley-Donaldson Co., Los Angeles, Calif. 
2. Foundry Consultant, Houston, Texas. 
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Again, if orientation does occur, and the whole load is s 


oriented, then the foundryman is really in trouble. Any further 


deformation of the mixture disturbs some of the orientatior 
and the foundryman again has lost his standardized product 
the mold is stronger in some parts than in others. 

In this we find a variation in practices that does not allow 
full adoption of techniques common in the author's industry 
It does emphasize the need for care in selection of the partici: 
size distribution. The best the mixer can do is to turn out 
random mixture and the foundryman will at best receive on! 
according to what he puts in. 


In spite of the difference, the author is familiar with th: 
use of the riddle to break down the selectively agglomerated 
groups from the mixer. It may be of interest to point out an 
observation that the author's reference that longer flow paths 
facilitate agglomeration is very well borne in riddling. For an: 
given initial state of the sand, the wider the swing of the rid 
dle the more numerous and stable are the lumps that are left 
Even previously riddled sand develop lumps on_reriddling 

Next, it may be well to specify the end results desired by 
the author and by the foundryman. This discussor interprets 
the reference to stone walls, wedging, mechanical interlocks 
presses, rams, and augers as meaning that the author's experi 
ence is primarily in the field of agglomerating to meet some 
given strength standard. 

This is also true of all foundry sand mixtures, but there 
are additional conditions imposed. One of these is a certain 
degree of temporary stability at high temperatures. Stability 
at high temperatures precludes the use of any high degree of 
mechanical interlocking for attaining strength. 


Geologists and soil engineers are much concerned with the 
stability of agglomerates. Their terminology includes the word 
dilatency. It means the same to them concerning the void space 
in agglomerates as it means to lay people concerning the pupils 
of their eyes: dilatency is the enlargement of the void spaces 
in the aggregate. Their usage of the term may be loosely stated 
as follows: 

All agglomerates, when packed tightly enough, become dila- 
tent. There is the point where any further application of force 
can only cause an expansion of the agglomerate mass (barring 
crushing of the individual particles). The amount of solids 
remains the same so, because the bulk volume is increased, the 
voids have been enlarged or have been dilated. 


A molding sand mixture packed to maximum density short of 
breaking the grains has the most effective mechanical inter- 
locks. This same mixture is most unstable at higher tempera- 
tures because of dilatency. 

First the expansion, with rising temperature, of the sand 
grains directly increases the volume of the mass. Second, the 
expansion of grains against their neighbors exert a force that 
disrupts the packing arrangement causing a further increase in 
volume. Under such conditions hot tears could occur in castings 
even if the metal were not subject to contraction. 


The problem of the foundryman is to regulate the final den- 
sity of the mold so that this does not occur. In addition he 
must attain enough strength for molding, handling of the mold, 
and the molds resisting the erosion and impact of the metal. 
While some minimum quantity of binder may be sufficient. 
certainly the end strength or stability of the mold at room 
temperatures must depend on the strength of the binder to a 
great degree. This discussor is most familiar with this necessity 
having just completed an investigation of the relative contribu- 
tions of bond strength and interlocking in sand mixtures. 

Here again we find a difference in the fields of experience 
but this does not detract from the contribution of the author. 
The author’s experience that high mechanical strength may be 
attained by mechanical interlocking, even with little binder, 
should serve as a warning to all foundrymen desiring collapsi- 
bility in a mold. 


The author states that certain particle size classifications 
pack to a high density developing many mechanical interlocks 
and this may also be used to steer us. Foundrymen may change 
to a classification that will pack to higher density with the same 
molding effort. By molding it to the same density as the former 
sand, he can achieve superior high temperature stability with a 
saving in molding effort. The margin of safety is the difference 
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between how tightly it is packed and how tightly it would be 
at full interlocking. 

There are statements in the paper which seem contradictory 
in themselves and are not in accord with experimental evidence. 
Concerning the discussion of Fig. 1 and the influence of par- 
ticle size on packing dynamics, it has been observed experi- 
mentally that (A), the weak cluster, flows to final grain to 
grain contact much easier than (B), the stronger structure. It 
is this very lack of strength and stability that makes it most 
susceptible to flow. 

The author seems to restrict the term “binder” to only those 
materials performing by cementation and later refers to this as 
a glue-like action. It is generally accepted that the term colloid, 
and bentonite and starch are colloids, was derived from the 
Greek words for glue-like. Thus, the intrinsic surface forces 
mentioned as being responsible for the increase in strength 
are the glue-like, or colloidal, forces. 

The suggestion that extra mixing may account for the in- 
crease in strength experienced with small additions of starch 
or bentonite is, of course, made only because the author is un- 
aware of the many carefully conducted experiments where mix- 
ing cycles were controlled and only the binder varied. Doubling 
of the strength is unusual but it depends on the initial strength 
and this strength is not stated. 

To summarize, the experience from another industry pre- 
sented by Mr. Ludwig can be of great value to the foundryman. 
Some care must be exercised as our objectives are not the same. 

In Mr. Ludwig's industry it would seem that high mechan- 
ical strength at minimum molding effort and binder cost is the 
prime objective. Accordingly, the binder is looked on more as 
a plasticizer and is used primarily to facilitate flow to seizure. 

In the foundry the binder must actually function as such: 
the use of interlocking to attain the needed mechanical strength 
leads to difficulty from expansion at higher temperatures. 

The proper attention to the result desired and the method 
used allows the most beneficial use of diverse experience. 


R. J. MULLiGAN® (Written Discussion): The premise that a 
uniform, balanced distribution of all the forces acting in a 
given system represents the most efficient use of that system 
is readily understood. It is a basic engineering theorem accepted 
today without question. 

In order to assure uniformity throughout the system the 
acting forces must be aligned by whatever means will accom- 
plish the alignment most efficiently. Systems composed of many 
separate units which must be arranged in compact groups 
obviously require a mixing process. Such is the case with 
foundry sands. 

This seems to be the entire point and purpose of the subject 
paper. However, the author leaves the impression that he is 
also proposing a specific grain size distribution as the panacea 
to foundry sand problems. This is not the author's intention 
and it should be emphasized that this is neither intended nor 
valid. 

Basically, the practicing foundryman needs a sand which re- 
flects a delicate balance of conflicting properties. Density is re- 
quired for strength, but a certain minimum number of voids 
must be present for adequate permeability. Under certain con- 
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ditions clays must be added to core sands to contribute high 
temperature properties but the flowability of the mixture can- 
not be impaired beyond certain limits. Fine particle size im- 
parts the desirable smooth finish, but permeability cannot be 
sacrificed. These, in addition to consideration of properties re- 
flected in the handleability of molds and cores confront the 
foundryman in using his sand most effectively. 

Thus, the choice of the right sand mixture rests with the 
foundryman who knows what physical properties the sand mix- 
ture must have to do the required job. He controls ratios of 
fine and coarse components to give him these experimentally 
predetermined physical properties. 

Grain size distribution is pointed out by the author to be 
an important factor effecting the ease of mixing and forming a 
sand mixture due to assymetrical cleavage lines in the com- 
pacted state when the aggregate consists of different grain sizes. 
There are dry materials on the market which promote flow- 
ability and a feeling of plasticity even in high bonded molding 
sands. Their action is that of smooth polished surfaces in a 
rod-like shape that orient themselves in the direction of flow 
to interrupt the usual fracture lines and planes. 

As anyone who has ever, as a child, built sand castles at the 
sea-shore knows, the static forces due to surface tensions among 
the liquid components of the sand mixture far outweigh the 
packing effect of the solid particles upon the static strength 
of the agglomerate. The effect of particle size is due to distribu- 
tion. As the distribution range broadens a greater number of 
liquid-particle contact points occur. Thus, the effect of the 
surface tension forces is multiplied many-fold resulting in much 
greater static strength of the agglomerate. 

Efficient mixing of the various components in foundry sand 
mixture is no doubt governed to a large extent by the type 
of mixing machine used. As the author emphasizes, selective 
wetting tendencies of various ingredients and the interference 
of absorbed air films to wetting other grains in the system 
must be overcome by physical means. 

Perhaps the author will provide an explanation relating the 
principles of agglomerating processes to “selecting, preparation 
and molding of foundry sands.” The limiting factors imposed 
would be a moisture content of 5 per cent and a density of 
the molded mass of 90 Ib cu ft and a porosity of approximately 
45 per cent. 

The author suggests that particle size distribution contributes 
to providing increased static strength. The foundryman com- 
monly considers compressive strength as one criterion for evaluat- 
ing his compacted sand mixture. Yet no one has established 
that this criterion is an attribute with which he is really con- 
cerned. The compressive test is easily accomplished and prob- 
ably this fact dictates its use. It may be that the author can pro- 
vide information wherein particle size distribution can be used 
to increase the tensile strength of compacted sand masses. 

It seemed that the author was very modest in discussing the 
importance of the surface properties of granular materials. This 
discussor would like to emphasize this point by claiming that 
the economical use of bonding materials is entirely dependent 
upon a thorough knowledge of such properties. It is interesting 
to note that the surface that is effective is the enveloping sur- 
face whether the particle be solid, or composed of cemented or 
agglomerated grains when being processed in conjunction with a 
liquid which has a polar characteristic similar to that possessed 
by the grains. 








A NEW FOUNDRY CORE SAND BINDER 


@ In conventional foundry prac- 
tice, sand is charged into a muller 
and followed by successive addi- 
tions of cereal binder, water, and 
core oil with an appropriate mull- 
ing period after each addition. The 
use of sugars in foundry sand mix- 
tures is mentioned only occasion- 
ally in the technical literature. Re- 
search in these laboratories has re- 
sulted in a sugar-based binder, the 
utility of which has been amply 
demonstrated in actual foundry op- 
erations. Results of laboratory tests 
and a brief discussion of foundry 
trials are presented in this paper. 

The new binder is a white, wa- 
ter-soluble powder containing over 





*George M. Moffett Research Laboratories, 
Corn Products Refining Co., Argo, Ill. 
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Mixture: 
Standard Sand 3000 gr 
Cereal Binder 1% 30 gr 
Dextrose Binder 1% 30 gr 
Water 3% 90 ml 


Fig. 1 . . Tensile strength of 


By 
Charles J. Gogek* 


90 per cent of corn sugar. Corn 
sugar is commonly called dextrose, 
and in this paper the binder will 
be referred to as “dextrose binder’. 
The remainder of the product con- 
sists of a suitable catalyst (e.g., am- 
monium sulphate) which converts 
the dextrose into a resin-like sub- 
stance during baking. A basic core 
mixture, therefore, contains sand, 
water, cereal binder (to provide 
green strength), and dextrose bind- 
er (to provide baked strength). 
Suitably formulated and prepared, 
such a mixture possesses all the 
properties required to form green 
cores by the usual methods. These 
cores, when properly baked, devel- 
op the bonding properties of the 
dextrose binder, and the cooled 
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Mixture: 
Standard Sand 3000 gr 
Cereal Binder 1% 30 gr 
Dextrose Binder 2% 60 gr 
Water 3% 90 ml 


specimen cores baked at different 
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baked cores meet service require- 


ments customarily demanded by 
foundrymen. 

During baking, the green cores 
acquire a dark brown color, due 
to transformation of the dextrose 
into resinous substances under the 
influence of heat and in the pres- 
ence of the catalyst. Although 
properties of the new binder re- 
semble those of resins in some re- 
spects, it would be misleading to 
classify dextrose binder in the 
group of materials presently mar- 
keted as resins for foundry use. 


Green Sand Mixing. By the pres- 
ently described process, dextrose 
binder is added with the cereal 
binder, the mixture is mulled, wa- 
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Mixture: 
Standard Sand 3000 gr 
Cereal Binder 1% 30 gr 
Dextrose Binder 3% 90 gr 
Water 3% 90 ml 


temperatures for different periods. 
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90- MIN. 


4% 


Fig. 2 . . Bakability, scoop-out test on 1% dextrose binder, 3% water mixture at temperature of 425 F. 


ter is added, and the mixture is 
mulled again. Complete dispersion 
is achieved without difficulty in 
common sand mixers on a labora- 
tory and production scale. 

Dextrose binder makes a small 
but positive contribution to green 
strength as shown in Table 1 for 
AFS silica sand; similar results 
were obtained using a lake sand. 
Standard AFS procedures were 
used in all tests. 

Increasing amounts of dextrose 
binder in a sand do not increase 
green strength as cereal binder 
does. The “plastic feel” imparted 
to a sand mixture by cereal binder 
is not developed with dextrose 
binder. Core specimens in Table | 
had_ permeabilities of 180-200 
(green) and 235-255 (baked). 

Where equipment for pumping 
and metering liquid binders is 
available, the use of a suitably com- 
pounded corn sugar syrup binder 


is equally effective, as illustrated in 
Table 1. 

Properties of Baked Cores. An 
electrically heated oven fitted with 
a circulating fan was used for 
baking cores. As shown in Table 1 
and Fig. 1, higher percentages of 
dextrose binder increased the ten- 
sile strength of baked specimen 
cores. Baking time required to reach 
peak strength diminished as dex- 
trose binder content increased. 
Thus, at an oven temperature of 
420 F, core swith 1, 2, and 3 per 
cent dextrose binder attained peak 
tensile strength after baking pe- 
riods, respectively, of slightly more 
than one hour, one hour, and one- 
half hour. 

Figure 1 also shows that oven 
temperatures above 350 F should 
be used to develop peak strength 
from dextrose binder; peak strength 
is developed very rapidly at 490 F 
but is also lost rapidly with con- 


tinued baking. At 420 F, optimum 
tensile strength diminished slowly 
as the cores were “over-baked”. 
Oven temperatures of 400-450 F are 
recommended for baking cores con- 
taining dextrose binder. Most in- 
dustrial core ovens are operated in 
this range. 

Since temperatures of 400-450 F 
are necessary for development of 
maximum strength from dextrose 
binder, the bonding is not due 
merely to loss of free moisture, 
which occurs at much lower tem- 
peratures. The actual bonding 
mechanism is unknown. Tentative- 
ly, bonding action is ascribed to 
progressive polymerization of the 
dextrose. 

Scratch hardness of baked cores 
containing dextrose binder paral- 
lels tensile strength. Baked speci- 
mens which break in the range of 
150-200 psi show scratch hardness- 
es of 80 to 90, and those which 
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Table 1 .. Properties of Dextrose 
Bonded Sands* 








Green Baked 
Compressive Tensile 
Strength Strength 
Binder % psi psi 
Cereal 1 0.56 85 
Dextrose 1 0.60 180 
Cereal 1 
0.60 235 
Dextrose 1 
Cereal 1 
0.58 300 
Dextrose 2 
Cereal 1 
0.61 355 
Dextrose 3 
Cereal 1 
0.58 250 
Corn Syrup 1 
(solids) 





*Mixture: 3000 gr AFS standard silica sand, 
binder based on weight of sand, and 90 cc 
(3%) water; mulled dry 1 min, wet 4 min in 
a heavy-wheel-type muller. Cores were baked 
at 415 F for 1 hr. 


break above 200 psi have hard- 
nesses of 90 to 100. Specimen cores 
listed in Table 1 appeared equally 
hard in the center, indicating uni- 
form bonding throughout the core. 

Fully baked cores containing dex- 
trose binder are darker brown than 
corresponding cores prepared with 
core oil. Color of the core is a good 
index of completeness of baking. 
Underbaked cores frequently con- 
sist of a dark brown crust enclos- 
ing a light central portion, which 
may be dry and hard, or wet and 
soft, depending on the degree of 
baking. 

A better idea of the bakability 
of core sand mixtures may be ob- 
tained from Fig. 2. Each core in this 
figure represents one-half of a 3-in. 
cube prepared from AFS siandard 
silica sand containing | per cent 
dextrose binder and 3 per cent wa- 
ter, mulled 2 min dry and 5 min 
wet. The interior portion scooped 
out of the core which was baked 
30 min represents unbaked sand. 
As shown, complete baking was at- 
tained in 45 minutes at 425 F. 

Moisture content of the green 
core mix has a substantial influence 
on tensile strength of the baked 
cores. Data in Table 2 show that at 
least 3 per cent moisture is neces- 
sary to develop maximum baked 
strength of the binder. 

As moisture content is increased 
above 3 per cent, the mixture 
may tend to stick to the core box, 
and become difficult to blow. In 


some cases it may be difficult to 
strike off excess sand and leave a 
smooth surface. R. H. Greenlee 
reported similar results for core 
sands containing resins at compa- 
rable moisture levels in “Modern 
Core Sand Practice”, TRANSACTIONS, 
American Foundrymen’s Society, 
v. 59, p. 412, (1951). Release agents 
were suggested to eliminate the 
stickiness problem, and aluminum 
or brass bars to minimize the strike- 


Table 2 . . Moisture Effect on Tensile 








Strength* 
Water Tensile Strength (psi) of cores 
baked for 

So 0.5 hr 1 hr 1.5 hr 
2 110 170 130 
3 175 235 250 
4 175 270 280 
5 190 295 285 
5 190 295 285 





*Mixture: 3000 gr AFS standard silica sa>4, 
30 gr (1%) cereal binder, 30 gr (1%) dextro 

binder, and water based on weight of sanu; 
mulled dry 1 min, wet 4 min in a heavy- 
wheel-type muller. Cores were baked at 420 F. 


off problem; the former technique 
is effective in dextrose-bonded 
sands. 

Another interesting conclusion 
from the results in Table 2 is that 
baking time to attain peak strength 
is not changed by moisture increas- 
es. 

Amount of cereal binder and 
presence and type of clays also in- 
fluence strength of baked cores con- 
taining dextrose binder. Data in 
Table 3 show that increasing 
amounts of cereal binder decreased 
tensile strength imparted by the 
dextrose binder. A similar effect is 
produced by clays (Table 4) . West- 
ern and southern bentonites were 
more damaging than two com- 
mon fire-clays. The loss in tensile 
strenth due to presence of clays or 
high amounts of cereal binder can 
be minimized by using more mois- 
ture in the sand. 

“Gas Evolution. All baked cores 
liberate gas under the heat of mol- 
ten metal. Rate of evolution of gas 
is shown in Table 5 for several core 
sand specimens heated in a nitro- 
gen atmosphere at 1850 F. Cores 
bonded with dextrose binder lib- 
erated less gas than those prepared 
with dextrose alone; this is one of 
the important effects of the cata- 
lyst. The volume of gas liberated 
from core sand prepared with both 
cereal binder and dextrose binder 
was less than the sum produced by 


Core SAND BINDER 


Table 3 . . Effect of Cereal on 
Tensile Strength* 











Cereal Green Tensile Strength (psi) 
Binder Strength of cores baked for 
% psi 0.5 hr Thr 
0.5 0.44 235 255 
1.0 0.58 175 235 
1.5 0.82 142 192 





*Mixture: 3000 gr AFS standard silica sand, 
cereal binder based on weight of sand, 30 gr 
(1%) dextrose binder, and 90 cc (3%) water; 
mulled dry 1 min, wet 4 min in a heavy-wheel- 
type muller. Cores were baked at 420 F. 


Table 4 . . Effect of Clays on 
Core Physicals* 





Green Tensile (psi) 





Type of Clay Strength Cores baked for 

psi 0.5 hr 1 hr 
Western bentonite 1.5 86 98 
Southern bentonite 1.1 92 112 
Ohio fire-clay 0.7 145 165 
Illinois fire-clay 0.8 169 147 





*Mixture: 3000 gr AFS standard silica sand, 
30 gr (1%) cereal, 30 gr (1%) dextrose, 30 gr 
(1%) clay, and 90 cc (3%) water; mulled dry 
1 min, wet 4 min in a heavy-wheel-type muller. 
Cores were baked at 415 F. 


Table 5 . . Gas Evolution Related 
to Combustion* 





ec Gas per gram Baked Core at 
1950 F for Intervals in min of: 


Binder % O05 1 2 5 10 20 








Cereal 1 10.4 10.7 11.0 11.2 11.7 12.4 
Dextrose 
without 1 56 59 61 61 63 65 
catalyst 


Dextrose 1 4.0 4.1 4.1 40 40 43 


Cereal 1 
11.1 12.0 12.6 13.3 14.2 15.2 
Dextrose 1J 





*Mixture: 3000 gr AFS standard silica sand, 90 
ce (3%) water, and binders as specified; mulled 
1 min dry, 4 min wet in a heavy-wheel-type 
muller. Cores were baked at 410 F for 1 hr. 
Gas evolution at 1950 F in a nitrogen atmos- 
phere. 


Table 6 . . Gas Evolution Related to 








Baking Time* 
Baking Time Volume of Gas Liberated 
hr cc/gr Baked Core Sand 
0.5 16.1 
1.0 14.2 
1.5 11.6 
2.0 9.3 





*Mixture: 3000 gr AFS standard silica, 30 gr 
(1%) cereal binder, 30 gr (1%) dextrose 
binder, and 90 cc (3%) water; mulled 1 min 
dry, 4 min wet in a heavy-wheel-type muller. 
Cores were baked at 410 F. Gas was collected 
for 10 min from combustion furnace at 1800- 
1850 F. 


each binder alone. Evidently the 
catalyst, likewise, reacted with ce- 
real binder to reduce gas evolu- 
tion. 

The volume of gas evolved from 
cores containing dextrose binder 
decreased as baking time at 410 F 
increased. Test results (Table 6) ob- 
viously pertain to those cones which 
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Table 7 . . Core Collapse and 








Expansion* 
at 2000 F at 2500 F 
Collapse Max Collapse Max 





Time Expans Time Expans 





Binder % sec in./in. sec in./in. 
Cereal '.4 
Dextrose 1 - 173 0.021 158 0.018 
Water o>: 3 
Cereal 1 \ 
Dextrose 1 231 0.023 347 0.018 
Water 3 





*Mixture: 3000 gr AFS standard silica sand, 
90 cc (3%) water, and binders; mulled 1 min 
dry, 4 min wet in a heavy-wheel-type muller. 
Cores were baked at 425 F for 1 hr. 


Table 8 . . Effect of Iron Oxide 
on Collapse* 











Iron Oxide Collapsing time in sec at 
% 2000 F 2500 F 
0.15 217 166 
0.50 264 600 
1.0 600 600 





*Mixture: 3000 gr AFS standard silica sand, 
30 gr (1%) cereal, 30 gr (1%) dextrose, iron 
oxide as specified, and 90 cc (3%) water; 
mulled 1 min dry, 4 min wet in a heavy-wheel- 
type muller. Cores were baked at 524 F for 
1 he. 


are largely surrounded by metal and 
where gas evolution must be mini- 
mized. 

Collapsibility of Cores. A com- 
mercial laboratory determined col- 
lapsibility and thermal expansion 
at 2000 F and at 2500 F on baked 


cores containing dextrose binder. 
Standard baked specimens (1-1/8 


inches diameter) were heated in ~ 


air in a dilatometer (Foundry Sand 
Handbook, Sixth Edition, 1952, p. 
154). During expansion, the core 
sustained a load of approximately 
4 ounces. Results in Table 7 show 
that, as the amount of dextrose 
binder in a core was reduced, maxi- 
mum expansion was unaltered but 
collapsing time decreased. 


Effects of Iron Oxide 


Experiments were also run on 
core sand mixtures containing vari- 
ous amounts of iron oxide (Table 
8). As was expected, iron oxide in- 
creased collapsing time in all cases. 
Maximum expansion of these 
specimens was 0.021-0.023 in./in. 


Dextrose-bonded core specimens 
were shock-heated for one minute 
at 2000 F and at 2500 F. At the 
end of this period, surface sand 
spalled slowly, without developing 
visible surface cracks. Cracking of a 
baked core under these conditions 
is probably related to veining in 
the casting, and it seems likely that 
dextrose binder will minimize this 
casting defect. 
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No attempt has been made to 
relate these results to core knock- 
out under foundry conditions. The 
AFS committee on Physical Prop- 
erties of Iron Foundry Sands at Ele- 
vated Temperatures reported that 
collapsibility determined in an air 
atmosphere is not related to ease of 
core shake-out: “Evaluation of Core 
Knockout”, TRANSACTIONS, Amer- 
ican Foundrymen’s Society, v. 55, 
p- 313 (1947). 


Foundry Trials. All of the com- 
mon metals (viz., gray iron, steel, 
malleable iron, aluminum, brass, 
bronze, and magnesium) have been 
poured over cores prepared with 
dextrose binder and results were 
entirely satisfactory. Strainer cores, 
runner cups, and pouring basins 
containing dextrose binder have 
been satisfactory. A variety of other 
cores ranging in weight from a few 
ounces to several hundred pounds 
has given acceptable castings. 
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PRECISION PATTERNS FROM ZIRCON MOLDS 


J. E. Stock and A. V. Schoville* 


@ Producing gray iron patterns to precision tolerances 
in zircon sand molds has become standard practice 
in the foundry at the John Deere Waterloo Tractor 
Works. For the past two and one half years, all patterns 
for use on molding units where molds are rammed by 
slingers or jolt-rollover machines, have been made by 
the process explained in this paper. 

The use of regular foundry facilities, equipment, and 
supplies that are a part of every foundry, places this 
method within the reach of any who may desire to 
reduce the amount of time that is required to produce 
a finished pattern from the completed wood master 
pattern. As this paper is concerned only with one type 
of pattern castings, any further reference to patterns 
*Division Superintendents, John Deere Waterloo Tractor Works, 

Waterloo, Iowa. 





Mahogany master pattern mounted on cast iron plate. 


not designated as master patterns, will indicate as-cast 
gray iron patterns. 


Equipment. The necessary equipment required using 
this method consists of a pin-lift molding machine, 
heavy-duty hoist, several sets of flasks of sizes ranging 
from 18 x 18-in. square to 60 x 60-in. square with 12 
to 14 in. depth in both cope and drag. Other sizes may 
be used according to size desired and capacity of oven 
the mold is to be baked in. 


Cast iron plates for master patterns to be mounted 
on, and also, cast iron plates for use as driers, are cast 
and machined on both sides. The mounting plate is 
made from four to six inches larger than the outside 
diameters of the flask and is 114 inches thick. The drier 
plate is made to the same dimensions as the outside 





Flask is bolted with machined flange to pattern plate. 
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dimension of the flask, and 34-in. diameter holes are 
drilled through the plate on 3-in. centers to allow for 
escape of steam and for use of stick venting the mold to 
release the gas when mold is poured. The cope and 
drag flasks are machined on all flange faces to assure a 
proper joint when bolted to the plates and also at the 
parting between cope and drag when mold is closed. 


Master Patterns are made from wood or plaster or 
both. Plaster patterns can be made from either the 
regular types of plaster or the expansion type plaster. 
Where plasters are to be used as master patterns in 
this method, no coating of any kind is used. The plaster 
master pattern is ready to use by removing any grease 
with a solvent such as alcohol or carbon tetrachloride. 
Where wood and plaster are used in the construction of 
the master pattern, the wood part of the master pattern 
is treated the same as an all-wood master pattern. 


Do Not Use Shellac for Base 


In all cases, whether wood or plaster is used to make 
the master pattern, do not use a shellac for a base in 
applying a coating. A commercial lacquer is available 
that has produced excellent results in obtaining a 
smooth surface on the face of the mold cavity without 
rapping or vibrating the pattern when drawn. Wood 





Hydraulic pressure gives smooth pattern draw. 
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master patterns are made from pattern mahogany with 
no allowance for any excess machine finish with the ex- 
ception of the mounting face, or on ends where a metal 
pattern is to be cast in more than one piece and joined 
together on the plate. 


Good Mahogany Patterns Advantageous 


The time involved in making a master pattern with- 
out allowance for machine finish is in some cases twice 
that of the conventional method. Lightener core boxes 
are constructed of pine; follow boards and/or frames 
are made of pine and hard wood. All fillets on wood 
master patterns are of wood or plastic wood. Wax and 
leather fillets are eliminated as fillet material. Wax be- 
cause of its adhesive qualities and leather because of 
the tendency of curling. Making good mahogany 
master patterns can be especially advantageous in many 
ways. Minor engineering changes, or alterations, can be 
made at any time that a change of design would neces- 
sitate casting a new pattern, duplicate precision pat- 
terns or replacement patterns can be made from a well- 
constructed mahogany master pattern. 

The first and most important step in the attempt 
to make a precision cast pattern was to determine the 
proper shrink scale to be used to construct the master 
pattern. As the standard shrink scales produced a pat- 








Green mold is inspected before baking. 
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Sharp corners are assured by going over with file tang. 


tern casting either undersize or oversize by 0.015 or 
0.020 inches, a special scale of 17/64-in. shrink per 
foot is now used for making any master patterns of 
18-in. length or width, and a 14-in. shrink scale is used 
on larger patterns. The shrinkage of the rough casting 
will have a direct effect in determination of the proper 
shrink for making the master. 


Lightener Core Boxes Are Important 


Lightener core boxes are also important in the 
method in order that a uniform wall thickness be main- 
tained in the cast pattern and to assure metal distribu- 
tion through the core into the walls and rib sections. 


Molding Procedure. The method of making the mold 
is very important to production of a very smooth cast 
surface on the pattern casting. Zircon sand provides 
such a surface. The master pattern is mounted on the 
steel mounting plate and bolted to the flask. The face 
of the pattern is covered to a depth of at least one inch 


PRECISION PATTERNS FROM ZIRCON MOLDs 





Lightener core box shows ribbing and gate distribution. 


with the zircon sand and rammed firmly around all 
contours of the master pattern. The zircon sand is 
mixed as follows: 

é 


Zircon Sand 300 lb 
Cereal 21% |b 
Iron Oxide 6 lb 
Clay 2 lb 
Core Oil 31% pints 
Water 31% pints 


Mulling time is two minutes dry, two minutes with 
oil added, and two minutes with water added. Green 
compression is 1.3 psi; moisture is 1.5 per cent. 

After zircon facing has been applied, any regular 
core sand that has approximately 1.5 psi green com- 
pression strength can be used as a backing sand. The 
mold is rammed solidly and struck off evenly before 
the bottom plate is bolted into place. The mold is 








Setting lightener core into baked core mold. 


Pouring temperature is standardized at 2500 F. 
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picked up with an air hoist, rolled over, and placed 
on the pin lift machine. Adjustable slides are provided 
on each side of the machine to allow for use of smaller 
or larger flasks. Hydraulic pressure is used to force the 
pattern out of the mold to eliminate any jerky motion. 


Mold Baked in Day Oven 


The mold is then placed on a car that is suspended 
from a monorail and moved into the day oven where 
it is baked at 350 F. The length of baking time is de- 
termined on the basis of one hour for each inch of sand 
in the flask. When the baked mold is removed from the 
oven it is allowed to cool to about 100 F and then coated 
by brushing the zircon paste core wash of 50° to 55° 
Baume on mold cavity. The baked molds and lightener 
cores are then sent to the pattern shop where they are 
given a dimensional check before being delivered to 
the foundry. 

Where a cover core is used in making a pattern cast- 
ing, the ingates are rammed up in the cover when 
making the core. The pencil type of ingate is used, 
made from either 14 or % ,-in. round dowels with a 
nail in one end to locate it in the wood master pattern. 
These pencil gates are generally placed about three 
inches apart around the outside flange of the casting 
or, if necessary, placed in the cross ribs. Purpose of this 
method is to introduce metal in an even flow to all 
parts of the mold simultaneously, thereby reducing 
any tendency toward cutting as well as controlling di- 
rectional solidification throughout all sections of the 
casting. Where a cope and drag mold is used, the pencil 
gates are rammed up in the cope mold in the same 
manner as used in the cover core. 


Ram Flat Back Green Sand Cope 


Where the pattern casting to be made can be placed 
in the drag flask and a cover core-type lightener is used, 
the foundry rams a flat back green sand cope using 
wooden strips 14 in. thick and | in. wide as a marker 
over the pencil gates for cutting the runner bars in the 
green sand. A sprue is rammed in place in the cope, 
and when the mold is closed a pouring basin is rammed 
over a strainer core. This completes this type of mold. 
When both cope and drag flask are rammed separately 
and baked, the gates are in the cope when mold is 





Checking pattern casting in the pattern shop. 
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closed and clamped. In this type of mold, runner bars 
are made by use of slab cores 14 in. thick placed to 
form a runner 114 in. wide and then covered with slab 
cores with a sprue hole drilled through slab where the 
pouring basin is to be located. Snap weights are used 
to hold the top slab cores in place as metal pressure 
is not great in the runners. 

Molds are poured one up from a bull ladle. As all 
wall thickness of the pattern castings to be poured are 
uniform, either 14 in. or 5% in., pouring temperatures 
were established at 2500 F. After a mold is poured it 
is allowed to cool for 12 to 16 hours before shaking out. 

Castings are then given a light sand blast, the pencil 
gates are knocked off, and castings are delivered to the 
pattern shop, where the mounting surfaces are ma- 
chined, the bolting bosses removed and the face of the 
pattern casting is finished. Finishing the face of the 
pattern is accomplished by the use of emery cloth 
wrapped around a small tool and inserted in a small 
hand air grinder. 

Surface wear on patterns cast and finished by this 
method has been greatly reduced. 


Save Finishing Time 


The time and cost of producing cast iron patterns 
from base iron is comparable with any jobbing casting 
made in the foundry. However, considerable time is 
saved in finishing. As an estimate of what the savings 
could be using this method, the following figures based 
on actual performance are given. A cope and drag pat- 
tern casting made with 14-in. finish by conventional 
methods required 382.2 hours of finishing time as com- 
pared to 68.5 hours finishing time when patterns were 
cast to size in zircon molds. In making a large rear axle 
pattern of cope and drag type using the precision cast- 
ing method, the pattern was placed in production in 
the foundry in 145.1 hours as compared to over 400 
hours required when made the conventional method. 
The cope section of a differential spider pattern re- 
quired 200 hours finishing time made the conventional 
way as compared to 26 hours when precision cast. 
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Completed precision cast pattern mounted for use. 








HIGH TEMPERATURE IMPACT PROPERTIES 
OF CAST STEEL 


C. F. Christopher* 


ABSTRACT 

Probably the most serious problem confronting the 
steel foundry today is the elimination of hot tearing in 
steel castings. The author feels that the solution to 
this problem involves a study of the brittleness charac- 
teristics of various chemical compositions at elevated 
temperatures. It is further felt that these characteristics 
can best be shown by dynamic testing which detects 
high temperature embrittlement to its fullest extent. 

The investigation shows that all steels exhibit high 
temperature brittleness which follows a definite rela- 
tionship to constitutional composition. 


Temperature plays an important part in elimina- 
tion of porosity and formation of proper inclusion 
types in steel making processes. 

All deoxidizers or elements which remove oxygen, 
with the exception of carbon, do so under the in- 
fluence of temperature. This relationship of tempera- 
ture to oxygen removal by elements has been care- 
fully investigated. A practical summary of the basic 
principles of oxygen removal and its effect is shown 
in Fig. 1. 

Figure 1 shows the relationship of carbon and sili- 
con to temperature and the pouring temperature limi- 
tations of certain carbon steels which produce proper 
inclusion types and insurance against porosity. 


*Research Metallurgist, Continental Foundry and Machine 
Co., E. Chicago, Ind. 
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Figure 1 


In the manufacture of relatively large steel castings 
and plain designs it is possible with straight silicon 
deoxidation to produce steel free from porosity and 
with proper inclusion type. This can be done if the 
composition is under 0.50 per cent carbon and with 
certain pouring temperature limitations. For instance, 
the maximum pouring temperature of a 0.50 per cent 
carbon, 0.40 per cent silicon steel is 2755F. For a 
0.30 per cent carbon steel the maximum pouring tem- 
perature is 2855F. 

Many plants make carbon steels with more than 
0.50 per cent carbon, and due to small size castings, 
may be forced to pour at higher temperatures even 
on lower carbon steels. The above conditions require 
that the steel be deoxidized with some deoxidizer 
stronger than silicon, the most common being alumi- 
num. Figure 2 shows the conditions prevailing when 
aluminum is added to various carbon steels which 
already contain 0.40 per cent silicon. The figure shows 
the inclusion type with various aluminum additions 
and the proper amount necessary to produce the best 
inclusion type, that is, Type 3. 

It can be seen that aluminum, or other strong de- 
oxidizers, permits higher temperature operation to 
those companies which require this type of operation. 

There are objections to high temperature prac- 
tices, however, due to danger of burnt-in sand, lower 
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ahysical properties and porosity, not to mention the 
ffect of high temperature on hot tearing. 

The deoxidizing power of all elements used for the 
purpose is related to temperature, weakening as the 
temperature rises. It is, therefore, important to oper- 
ate at temperature no higher than necessary, to avoid 
porosity and the use of excess deoxidizers. 


Temperature A Vital Factor in Steel Making 

It can be seen that temperature plays a vital part 
in the chemistry of steel making, always favoring the 
lowest temperature of operation for any given prac- 
tice. Temperature also plays an important part in 
hot tearing of steel castings since it is the contraction 
of steel from various temperatures that is the source 
of stress. 

This report deals with the physical conditions and 
properties of steels, at various high solid tempera- 
tures, upon which these various stresses act. Hot tear- 
ing susceptibility, in itself, may be a natural condi- 
tion in steel solidification, whereas temperature and 
temperature differentials are the source of stress. 

Steel making comprises more than the knowledge 
of oxygen and its relationship to temperature and 
deoxidizing elements. From equilibrium data we can 
calculate pouring temperature iimits under certain de- 
oxidizing practices, which will give the greatest physi- 
cal properties by controlling the type of deoxidation 
products formed. We must not lose sight of the fact 
that those temperature-oxidation conditions which 
are most suitable or necessary for the manufacture of 
the best metallurgical product, may or may not be 
the most suitable for hot tear elimination. 

Oxygen levels, which primarily control porosity and 
steel quality for any given steel composition, are chief- 
ly controlled by carbon content and deoxidizers used 
at specified temperatures. Such elements as manganese, 
chromium, nickel, molybdenum, etc. may greatly alter 
the fluidity and setting characteristics, but will not 
alter the oxygen levels by either being too weak in 
deoxidizing power or with no deoxidizing ability at 
all. 

Oxygen level, and consequently steel quality, is con- 
trolled by the most powerful deoxidizing element in 
the system at the time the steel freezes. Various quan- 
tities of all other elements present can alter the con- 
stitutional diagram to any extent, which will affect 
the physical nature of the steel, without affecting the 
oxygen level. 


Proper Oxygen Level Required 

The above stated fact clarifies why steels vary 
greatly in setting characteristics, fluidity and hot tear- 
ing without affecting the physical properties of steels 
which have had the proper oxygen levels obtained 
by good deoxidation practice. All steel compositions 
have certain physical property top levels when de- 
oxidized properly. The wide variation in setting and 
fluidity brought about by certain elements will not 
affect the deoxidation principle unless these elements 
affect a change in oxygen over the strong elements 
used for the purpose. 

For any given steel composition being manufac- 
tured, we must retain the proper oxygen level to 
eliminate porosity and to produce the maximum 
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physical properties. This means that we must select 
the proper deoxidizers and establish a maximum pour- 
ing temperature. If we expect to retain maximum 
physical properties, a maximum pouring temperature 
must be retained and all ill effects resulting from 
low fluidity, poor setting characteristics, etc. must be 
rectified through design, speed of pouring, heading 
and gating, chilling, etc. 

Before we can attack the problems of hot tearing 
and cracking, we must first study the characteristics 
of steel from its freezing point down through all tem- 
peratures. 

We are aware that all steels will tear at their 
freezing point if stressed by metal contraction, stress 
concentration or due to any other mechanical reason. 
The important problem is to determine, under the 
most severe stress concentration conditions, the 
strengths and weaknesses of steel at various tempera- 
ture ranges. 


Mechanics of Hot Tearing 

Hot tearing is a natural phenomenon if stress is 
applied to a steel which is liquid around its austenitic 
grain boundaries or until the strength of the grain 
boundaries resists separation sufficiently to cause the 
grains themselves to strain. 

When the grain boundaries are weaker than the 
strength of the grains, it is safe to assume that the 
speed at which the stress is applied would be im- 
material. A casting would tear around the grain 
boundaries if the metal was in this state, regardless 
of whether the stress was applied slowly or rapidly. 
Therefore, any mechanical test which could be de- 
vised for use at the temperatures in question should 
bring out the weaknesses existing between grain and 
grain boundaries. 

Furthermore, if stresses, in any concentrated form, 
magnify these weaknesses around grain boundaries, a 
severe stress concentration test would be advisable in 
determining these weaknesses to bring them out to 
their fullest extent. Any severe dynamic test with se- 
vere stress concentration would determine complete 
embrittlement. At any rate, steels which would show 
no grain boundary weakness with this test would cer- 
tainly not hot tear under lesser or under practical 
conditions. 

We have devised a method of using the charpy 
impact test at all temperatures up to the freezing 
point of the steel. These test pieces are completely 
machined and carefully notched. They are heated, 
under accurate thermocouple control, either in salt 
baths, or in argon atmospheres, depending upon the 
temperature range. All test pieces, regardless of tem- 
perature ranges, are fractured within 2 to 3 seconds 
after they are removed from the salt or argon at- 
mosphere. 

Not only are the foot-pound strengths recorded, but 
more important, the nature and type of strain 
resulting. 

Most important of all, these tests show the tem- 
perature where steels of various compositions cease 
to hot tear during their solidification cycle. We can 
now state definitely that if concentrated areas in cast- 
ings are cooled rapidly, either through natural cool- 
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ing or from chilling, to a definite temperature, it is 
impossible for the casting to tear at all. 

Furthermore, this test gives us the opportunity to 
definitely compare one steel composition with another 
regarding hot tearing susceptibility. 

Any type of open hearth practice, various deoxi- 
dizers, additions, etc. can be.definitely evaluated re- 
garding hot tearing susceptibility. This test makes it 
possible to classify steel compositions regarding hot 
tearing and to determine the source, whether it be 
due to composition or to methods of heading and 
gating. 


TABLE 1 — ANALYsIS OF TEsT HEATs 





Heat C Mn _ Si S P & Ni Mo Cu B 





A —183 .96 .37 .043 .080 1.00 — .34 _ - 
—130 82 39 046 053 87 61 35 - - 
— 90 83 43 .053 .052 .93 — £2 _ - 
— 29 77 47 045 041 2.86 — 45 — - 


— 47 78 41 045 040 — - _ _ - 
— 30 82 42 .038 .044 - - - - - 
8 38 044 040 97 90 52 - ~ 


Aaa TOnmBOG Bw; 
| 
n 
ao 


— 26 80 47 048 049 29 61 39 - - 
— 2 8 47 035 022 70 32 48 28 - 
— 30 164 19 013 .016 - —- 49 — .0008 
— .27 2.20 46 .034 .020 —- 28 49 _ - 





Table 1 shows chemical composition of heats se- 
lected for the hot tearing investigation. These heats 
vary widely in composition and are selected to bring 
out the effects of various elements and combinations 
of elements upon hot tearing and other character- 
istics. 

All of the compositions were made in commercial 
furnaces and include eight acid open hearth, two acid 
electric, and one basic open hearth heat. 

The ultimate in this investigation was to super- 
impose the actual physical properties on the Iron- 
Carbon-Equilibrium diagram, between A, (approxi- 
mately 1300 F) and the melting point, and from zero 
to 2.00 per cent carbon. Two per cent is the approxi- 
mate maximum limit where free austenite can exist 
without precipitating free cementite. 

Table 2 shows the average values of impact tests 
performed at temperatures from 1300 F to 2000 F on 
all carbon ranges. The table shows the following 
existing conditions: 


TABLE 2 — CuHarpy ImpActT REsuLTs, Ft-Ls 





Temperature, F 
Heat 1300 1400 1500 1600 1700 1800 2000 


























A- - 4 10 21 39 38 20 
B— 36 49 77 137 132 114 76 
CcC-— 8l 100 115 142 136 108 80 
D— 55 90 163 150 115 83 
E— 55 89 150 129 116 108 84 
F-— 47 108 128 121 96 82 
G-— 55 120 143 124 100 74 
H— 40 84 125 111 90 83 
I— 83 180 140 126 105 9% . 79 
J — 100 198 152 128 102 82 
K — 216 197 146 128 118 102 84 
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(a) On all heats of steel tested, there is a gradual 
increase in values up to a certain temperature fol- 
lowed by a decrease. 

(b) The 1.83 per cent carbon, alloy heat, is de- 
cidedly brittle at all temperatures, although it in- 
creases in strength up to 1700 F and 1800 F. Up to 
this temperature this carbon content steel contains 
free cementite in austenite and is naturally brittle. 
At 2000 F this steel should become completely aus- 
tenitic and therefore ductile, but does not increase 
in ductility due to hot tearing. This carbon level, 
therefore, passes from free cementite precipitations to 
hot tearing as the temperature increases toward the 
freezing point. 

(c) The 1.30 per cent and 0.90 per cent carbon 
alloy heats increase in impact value up to 1600 F 
and 1700 F, followed by a gradual decrease. The high 
point in impact value is the temperature where the 
steel transforms to pure austenite. In other words it 
is the point of lowest temperature and therefore, 
toughest austenite. The gradual decrease in tough- 
ness above this temperature is due solely to softening 
of austenite at higher temperatures. 

(d) At 1500 F all the medium alloyed, 0.30 per 
cent to 0.50 per cent carbon steels reach their high 
toughness value. In other words these steels become 
austenitic at this temperature and gradually soften 
as the temperature is further raised. 

(e) At 1400 F both the 0.80 per cent copper and 
1.64 per cent manganese steels reach their maximum 
toughness, at which point they apparently both be- 
come austenitic. This austenite gradually softens also 
at increasing temperatures. 

(f) The 2.20 per cent manganese, mild alloy steel 
becomes austenitic at 1300 F which is the lowest 
temperature of any steel tested. This steel softens 
from this point consistently as the temperature raises. 

As shown in Table 2, all values to the left of the 
dark squares contain either free cementite in austen- 
ite on the extremely high carbon, or are in the proc- 
ess of transforming to pure austenite on the lower 
carbons at various temperatures, depending upon the 
carbon and alloy composition. 

All values within the dark squares and to their 
right, with exception to the very high carbon heat, 
are the values of pure austenite at various tempera- 
tures of all compositions. 

It will be noted that there is marked consistency 
of impact values, regardless of a wide variation of 
composition, after the steels become austenitic, as 
follows: 








Variation Average 
Temperature, F in impact, ft-lb impact, ft-lb 
1300 — 216.0 
1400 180 to 198 191.7 
1500 125 to 163 143.4 
1600 111 to 142 129.6 
1800 90 to 115 103.3 
2000 74 to 84 80.7 
2100 68 to 74 71.6 
2200 54 to 63 59.5 
2300 47 to 56 51.6 
2400 44 to 50 46.4 
2500 38 to 42 40.0 
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TaBLe 3— ImpAcT Properties, Ft-Ls, or TEstT 
HEATs AT ELEVATED TEMPERATURES 





Temperature, F 




















Heat 2000 2100 2200 2300 2400 2500 2600 
A— 20 15 -_- —- — _-_ — 
B— 76 | 19 —_ — —_ — _ 
c— 80 70 59 47 26 — — 
D— 83 74 58 53 17 —_ — 
E— 84 74 59 56 50 38 4 
F— 82 71 54 49 44 39 4 
G— 74 68 59 47 46 42 _ 
H— 83 68 61 51 44 39 6 

I— 79 72 63 56 48 42 6 
J- 82 77 61 55 48 40 20 
K— 84 70 61 52 45 40 20 
Aver. 80.7 716 595 516 144 400 — 





The effect of higher temperatures of the impact 
values is shown in Table 3. There is a remarkable 
uniformity of impact on all steels up to a certain 
temperature until sudden failure occurs. The heavy 
line in Table 3 shows the temperature range where 
each steel or classes of steels suddenly become brittle. 
All tests shown below the heavy line are extremely 
ductile and uniform at any given temperature and 
show no indication of failure. All tests above and to 
the right of the heavy line are extremely brittle with 
low values. 

The 1.83 per cent carbon alloy steel is brittle at 
all temperatures. Between 2000 F and 2100 F the 
1.30 per cent carbon steel suddenly fails. The 0.90 
per cent carbon and 2.86 per cent chromium steel 
fails between 2300 F and 2400 F. All other steels 
of approximately 0.30 per cent carbon with medium 
alloy combinations fail uniformly between 2500 F 
and 2600 F. 

It can be seen that the temperature of failure pri- 
marily follows the carbon level. The temperature of 
failure increases as the carbon content is lowered. 


TER GARE S A 





Figure 3 


The results of all values at temperature are sum- 
marized in Fig. 3. The fine-lined area shown in the 
figure constitutes the values obtained on all 0.30 to 
0.50 per cent carbon steels, regardless of alloy com- 
position. The broken line is the curve established by 
the 2.86 per cent chromium—0.30 per cent carbon 
steel. The dotted line is the 0.90 per cent carbon and 
the solid line below is 1.83 per cent carbon. 
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In the fully annealed condition, all steels show ex- 
treme temper, brittleness when tested at temperature 
around 1100 F. The investigation of many steels other 
than those included in this investigation shows, with- 
out exception, this severe brittle range. However, 
there is a tremendous increase in toughness as the 
temperature is raised 100 to 200 degrees. The amount 
of toughness attained is dependent upon carbon con- 
tent and upon alloy composition. Naturally both car- 
bon and alloys affect the temperature at which aus- 
tenite transforms. The lower the temperature at which 
the austenite forms the greater will be the toughness. 
Austenite at 1300 F, for instance, will be consider- 
ably tougher than austenite at 1700 F. High man- 
ganese heats are toughest at 1300 F giving 180 to 
198 ft-lb impact. The 0.30 to 0.50 per cent carbon— 
medium alloy heats were toughest at 1500 F with 125 
to 163 ft-lb. High carbons transform higher with still 
lower values. Steels with 0.90 and 1.30 per cent car- 
bons are toughest at 1600 F to 1700 F with values 
of 132 to 142 ft-lb. 

As shown in Fig. 3, the impact values fall off grad- 
ually over a long range of temperature increases. This 
decrease is due to increasing ductility and falling 
strength and hardness. In the range of 2000 F to 
2500 F the medium-carbon alloy steels are extremely 
ductile wtih no indication of failure. The charpy im- 
pact test used is a severely concentrated stress test 
and any slight presence of brittleness would be clear- 
ly brought out if present. 

Other high-carbon steels and high alloy composi- 
tions behave in a manner similar to the medium- 
carbon grades between 2000 F and some given higher 
temperature. Steels lose this extreme ductility only 
when the carbon reaches a point where cementite is 
precipitated in the grain boundaries at all tempera- 
tures, that is, near 2.00 per cent carbon. 

It can be seen that there is a sharp loss of impact 
strength at some given high temperature. All the 0.30 
per cent carbon, medium alloyed grades begin to fail 
above 2500 F. 

The high chromium (2.86 per cent) and the 0.90 
per cent carbon steels fail above 2300 F. The 1.88 
per cent carbon, as shown, is weak throughout all 
temperatures. 

This given temperature of failure and sudden loss ° 
of impact is more clearly shown in Fig. 4. As indi- 
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TABLE 4 — ANALYsIS OF TEsT HEATS 





Series Cc Mn SG S P Cr Ni Mo Cu B 


28 86 38 .044 040 97 90 52 
26 80 47 048 049 29 61 39 





30 164 .19 013 016 — — 49 — .0008 
A ep gt tS Weel 
a oe eae 
28 85 47 035 022 70 32 48 80 — 
27 220 46 034 020 — 28 49 — — 
29 #77 #47 04 041283 — 45 — — 
C 90 83 43 053 052 98 — 422 — — 
D 183 96 37 043 080100 — 8% — — 





cated in the figure by the letters A, B, C, and D, 
various conditions of composition control the brittle- 
ness at temperature. The compositions of each curve 
are given in Table 4. 

As previously discussed in this report and in the 
writer's investigation of oxygen levels, the maximum 
pouring temperature of a 0.30 per cent carbon, 0.40 
per cent silicon steel is approximately 2850 F. It is 
also obvious that the lowest possible pouring tem- 
perature would be at the liquidus (approximately 
2770 F) to avoid skulls and pouring difficulties. 

As shown in Fig. 4, there is a considerable differ- 
ence in temperature between where the steel has to 
be poured, and that temperature when the steel ceases 
to be brittle or at the point hot tearing ends. There 
is even a considerable difference between the tem- 
perature where the steel is supposed to freeze solid 
and the temperature where hot tearing ends, that is, 
when it will withstand stress. 

If the 0.30 per cent carbon grades of steel are 
stressed sufficiently between the pouring temperature 
and 2500 F they will unquestionably hot tear. Nat- 
urally enough stress has to be generated and, more 
than likely, there has to be a stress concentration 
before this tear will occur. If the stress concentration 
cannot be avoided due to design, scientific heading 
and gating must be used to avoid stress contraction or 
the concentration area must be quickly chilled to 
2500 F before any major stress is applied. 

Probably the greatest cause of hot tearing is thin 
sections, which are already frozen, contracting against 
heavy sections or junctions between heavy and light 
sections which have not yet passed through the hot 
tear zone. Either the heavy section must be accelerated 
in cooling equal to that of the light section, the light 
section retarded in cooling equal to the heavy section 
or any concentrated stress areas quickly chilled to a 
ductile temperature before enough stress is generated 
to rupture a weak condition. 

Referring to the classification of compositions 
shown in Table 4, Series A, B, and C are all ex- 
tremely ductile at 2000 F, 2100 F, 2200 F, and 2300 F. 

Series A, the 0.30 per cent carbon grades, are 
ductile up to and including 2500 F. 

The 0.90 per cent carbon and 2.86 per cent chrom- 
ium steels failed above 2300 F and the 0.30 per cent 
carbon grades failed above 2500 F. 

Series D, being 1.83 per cent carbon failed through- 
out. 

Every steel has an iron-carbon constitutional dia- 
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gram, which shows the points of temperature and 
composition when steel begins to freeze and when it 
becomes solid. This constitutional diagram varies 
somewhat with different compositions. 

Figure 5 shows the physical properties of steels 
investigated, superimposed upon the constitutional 
diagram of pure iron carbon. In the diagram shown, 
the physical properites can be divided into four par- 
ticular areas: 

(1) Hot Tear Zone — This is an area beneath the 
solidus where each steel investigated showed little or 
no strength or ductility. This area appears to be al- 
most directly related to carbon content, increasing in 
width at higher carbon contents. 

(2) Area of Free Cementite — The location and 
shape of this area depends both upon the temperature 
of testing and the carbon content. Above 1.30 per cent 
carbon steel, approximately, all steels are extremely 
brittle regardless of the testing temperature. The 
steels are either brittle due to free cementite at lower 
temperatures, or they hot tear at higher temperatures. 
In other words the cementite and hot tear areas 
blend together in all steels above 1.30 per cent carbon. 

Between 0.90 and 1.30 per cent carbon the steels 
are brittle only at lower and higher temperatures, 
being ductile at intermediate temperatures. In other 
words these steels closely follow the pattern of the 
constitutional diagram. They are brittle at lower tem- 
peratures due to free cementite, becoming ductile 
after the temperature raised them above the A, line 
into pure austenite, and finally tear as they reach the 
hot tear line. Naturally the sequence of events would 
be in reverse order during solidification. 

(3) Area Above 2000 F — In this area all steels 
are extremely ductile. All steels at any given tempera- 
ture above 2000 F have the same characteristics and 
same impact value until a certain carbon level is 
reached where hot tearing takes place. 

At 2000 F, all carbon contents have an average of 
80.3 ft-lb impact strength, up to approximately 1.30 
per cent carbon, where hot tearing takes place. At 
each succeeding temperature above 2000 F the maxi- 
mum carbon content of hot tearing susceptibility 
progressively decreases. At 2400 F, for instance, all 
steels have approximately 46.4 ft-lb impact strength 
up to only 0.60 per cent carbon. 
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Fig. 6 — Photos represent appearance of steels tested in the 
hot tear zone as compared with that tested immediately be- 
low; 0.30 per cent carbon mild alloy steel. 


Not only is hot tearing related to carbon content at 
any specific temperature, but each carbon level has a 
specific temperature where hot tearing takes place. 
For instance, the critical tearing temperature for a 
0.30 per cent carbon steel is near 2500 F, a 0.60 pe 
cent carbon near 2400 F, etc. 

The important point regarding this area is that the 
steels were so ductile that it was impossible to rupture 
the test pieces, regardless of carbon content, as long 
as the testing was carried out in the temperature and 
carbon limits stated. We were able to establish defin- 
itely the hot tear line by these testing methods which 
sets up a definite pattern primarily related to carbon 
and temperature. 

The one exception found in our investigation took 
place on the 2.86 per cent chromium steel, which hot 
tore at a lower temperature than the general pattern 
predicted. This steel acted similarly to a 0.90 per cent 
carbon and, therefore, the hot tearing temperature 
was a result of the high chromium content rathe1 
than the carbon level. The reason for this, of course, 
is due to the fact that the position of the liquidus on 
solidus have been considerably changed by the high 
chromium content. 

(4) Area Below 2000 F-— In this area the steels 
are extremely tough, and the impact values range«| 
from 80 to 216 ft-lb, depending upon the composition. 
The composition influences the temperature of aus- 
tenite formation, and, therefore, influences the impact 
values. For instance, 1300 F austenite is considerably 
tougher than 2400 F austenite. 

Figures 6 to 11 show the appearance of impact test 
specimens of various steels in the ductile and hot tear 
zones. 


Summary and Comments 

Results of any investigation usually are evaluated 
by the facts they bring to light and whether or not 
those facts prove beneficial to practical operation. 
Just as important, however, are investigations which 
locate sources of troubles even though they may not 
necessarily solve the problem. The present investiga- 
tion must necessarily fall in this category in that the 
investigators are not necessarily foundrymen, but 
rather a group interested in fundamental information. 

No one knows more about a foundry than a found- 
ryman. This is likewise true of the open hearth, 
electric furnace, or any other profession. However, 
the association of these departments into an organiza- 
tion for the purpose of making good castings requires 
knowledge molded into a practice suitable to all con- 
cerned. 

There is no trick in making a good open hearth o1 
electric heat. Neither is it impossible to make a good 
mold. It is, however, difficult to make a good casting 
out of a good heat and a good mold. The sooner we 
recognize that practically all bad castings are made 
from good heats and good molds, the sooner we will 
recognize that good castings are produced by the 
additional fulfillment and application of other funda- 
mental facts. 

Any worthwhile investigation on hot tearing must 
first include basic information on what hot tearing 
actually is. This must precede any cures or practices 
designed to improve the same. 

It has been the opinion of many steel makers that 
hot tearing susceptibility is associated with manners 








Fig. 7— Photos represent appearance of high chromium 
steels below and within the hot tear zone; 0.30 per cent 
carbon, 2.86 per cent chromium steel. 
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and methods of steel manufacture in the furnaces. 
This indirectly may be partly true, but must be 
broken down to distinguish whether the condition is 
associated with the metallurgical and chemical as- 
pects or simply a relationship of temperature levels 
and their association to stress during cooling. It must 
be further broken down to determine whether varia- 
tions in stress originating from variations in tempera- 
ture and casting designs, etc., are acting upon a given 
uniform condition of brittleness, or whether a dif- 
ferent brittle condition exists from heat to heat of any 
given composition. 

Every steel composition stresses during cooling, due 
to contraction. This stress which develops will greatly 
vary in amount and concentration due to temperature 
level, size of casting and intricacy of design. The so- 
lution of hot tearing elimination depends upon two 
conditions, each being foreign to the other, namely, 
the minimizing and equalizing of the stresses de- 
veloped by heading, gating, etc., and the conditions 
of the steel regarding brittleness and se anne during 
the periods of stress application. 

The purpose of our investigation was to determine, 
first of all, if any brittle conditions existed. If so, to 
determine the extent and upon what this brittleness 
depended. Only after complete information on the 
characteristics of brittleness existing, could we devise 
methods of eliminating or reducing it. The subject 
of stress during cooling is an entirely different prob- 
lem, but one closely associated with studies on em- 
brittlement. If brittleness cannot be eliminated, then 
the problem is entirely one of stress. If brittleness can 





Fig. 8 — Photos represent appearance of 0.90 per cent carbon 
steels within and below the hot tear zone; 0.90 per cent carbon 
mild alloy steel. 
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Fig. 9 — Photo shows the brittle nature of steels of this carbon 
content at all high temperatures; 1.83 per cent carbon steel 
(tree cementite). 





Fig. 10 — Photo of fracture of steel tested at 1400 F. 





Fig. 11 — Photo of fracture of steel tested at 1800 F. Figures 

10 and 11 show the appearance of test specimens broken at 

1400 F and 1800 F, indicating the extreme toughness of steels 

in this area. Tests made at 1400 F show more tearing and 

higher impact values than those tested at 1800 F. In other 

words, steels at the lower austenitic temperatures are stiffer 
and less ductile than higher temperature austenite. 


be minimized, it simply minimizes the importance of 
heading and gating, etc. 

Our investigation shows that brittleness is a common 
characteristic of all steels and that it depends upon the 
carbon content and amount of carbon segregated due 
to selective freezing. The width of the hot tearing 
zone depends entirely upon the distance between the 
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liquidus and solidus lines of freezing which determines 
the extent of selective freezing. 

The hot tearing susceptibility zone for any steel 
could be minimized if the liquid and solidus lines 
could be brought closer together by the addition of 
some element or compound. Such a procedure would 
reduce the extent of selective freezing. 

The present investigation comprised the testing of 
several hundred impact specimens to determine char- 
acteristics at high temperatures. It naturally is im- 
possible to test accurately while the steel is actually 
in the act of freezing. The only method of obtaining 
accurate results is to reheat specimens to the zone 
where steel loses its ductility and toughness. In other 
words, our entire investigation was conducted in re- 
verse of what actually takes place when a casting is 
freezing. 

Any method of determining characteristics of steel 
during the cooling process from the liquid is certain 
to be inaccurate due to methods of testing and wide 
variations of temperature between surface and center 
of the cross section. We believe, however, that during 
the freezing process, certain heterogeneous conditions 
are set up which can be detected by reheating to and 
accurately testing at all high temperatures. For in- 
stance, if we reheat a steel to 2400 F and find that it 
is unbreakable, tough, and not susceptible to notch 
sensitivity, certainly there has been no permanent af- 
fect below 2400 F from the freezing process. How- 
ever, aS we test at higher temperatures and find 
brittleness, there is no reason to believe that this 
brittleness would not be present at both rising and 
falling temperatures. By our method of investigating, 
we are simply determining the permanent ill effects 
of what occurred during freezing. If those effects can 
be detected on reheating, they certainly were present 
during freezing. 

Much more exploratory work has been done in this 
investigation than is reported herewith. For instance, 
the effect of austenitic grain size was investigated. 
Steels were broken at 2000 F with grain sizes up to the 
melting point present. This was done by heating tests 
up to various temperatures for various lengths of 
time and cooling to the lower temperatures before 
testing. We have not been able to alter the character- 
istics by changes in grain size. 

We have studied the effect of homogenizing at 
temperatures directly under the freezing point. We 
have not been able to alter the general pattern of em- 
brittlment by any homogenizing methods used. 

We have varied the holding times at various testing 
temperatures and can see no effect of time whatso- 
ever upon the hot tearing or physical characteristics. 

All steel used in this investigation is coarse grain 
with no strong deoxidizers used. We believe that all 
steel should be made with the weakest deoxidation 
permissible. All steels used, therefore, in this work, 
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were made according to the best recommended prac- 
tice used at the writer's plant. 

There is nd doubt that strongly deoxidized steels 
resulting in chain or Type 3 sulphides would alter the 
picture. There is no doubt that chain inclusions 
around the grain boundaries would have an added 
effect which would depend upon the amount present. 
In our investigation we have completely eliminated 
iron sulphides from the picture in order to determine 
the true effect of steel freezing characteristics upon 
hot tearing, etc. 

After this rather extensive investigation, we believe 
that hot tearing susceptibility is a natural phenom- 
enon existing in all steels. The range of hot tearing 
depends upon the liquidus-solidus relationship which 
determines the extent of heterogeneous selective 
freezing. 

The elimination or minimizing of hot tearing, 
therefore, depends upon pouring temperature, which 
sets up the stress and scientific heading and gating, 
and chilling which eliminates or dissipates the stress. 


DISCUSSION 


Chairman: V. E. ZANG, Unitcast Corp., Toledo, Ohio. 

Co-Chairman: J. R. Parron, General Steel Casting Corp.., 
Granite City, Il. 

J. Kevertan!: The author is to be congratulated for a novel 
and interesting approach to the problem of hot tearing in steel 
castings. Conditions encountered in the impact test are con- 
siderably different than those encountered during solidification 
and straining of normal sand steel castings. The main dif- 
ference lies in the fact that impact loading results in much 
greater strain deformation rates than ordinarily encountered in 
practice. 

In the field of high temperature metallurgy it is well known 
that there is a greater tendency toward intergranular fracture at 
lower strain rates. 

J. B. Carne?: Mr. Christopher has advanced some interesting 
results on the high temperature properties of cast steel. The 
results probably are related to the hot tearing characteristics of 
steel. However, this discussor would like to emphasize an equal 
probability that the impact results are not directly applicable 
and that some or many correction factors will be needed. 

For example, hot tearing in the foundry occurs during cooling 
from the liquid to the solid. Mr. Christopher's specimens were 
heated and tested. This may seem a detail, but the writer has 
shown in a paper “Metallographic Study of Ruptures in Steel 
Castings” in this volume that an inverse segregation occurs at 
temperatures below the hot tearing range. The microstructure 
of steel is significantly different after this inverse segregation 
at room temperature. Mr. Christopher's specimens contain the 
reheated phases of this altered microstructure. The writer has 
been unable, so far, to resegregate the room temperature struc- 
ture to one even approaching the original structure in which 
the hot tears formed and is certain that Mr. Christopher's 
specimens differ in the same respect. 

A similar point is in regard to the rate of strain (or stress) 
application. Nothing is known of this variable, except that the 
rate of strain application to the impact specimens is many times 
that of a casting cooling in a sand mold. This may, or may 
not be important in the correlation between the high tem- 
perature impact properties and its hot tearing characteristics. 
Nevertheless, it should be kept in ‘mind. 


1. General Electric Co., Foundry Dept., Schenectady, N. ¥ 
2. Foundry Consultant, Wyoming, Ohio. 








APPLICATION OF THE CARBON DIOXIDE 
PROCESS IN THE FOUNDRY 


@ Binders are a major expense in 
any foundry. The carbon dioxide 
process makes possible not only con- 
siderable savings in these costs, but 
provides technological advantages 
as well. 


Since the CO, process was first 
outlined to American Foundrymen 
(H. J. Heine, “Carbon Dioxide 
Core ‘Baking’,” AMERICAN FoUNDRY- 
MAN, vol. 26, no. 3, Sept. 1954, pp. 
46-49) much additional work has 
been done in Germany. The author 
hopes that this further information 
will aid foundrymen in experiment- 
ing with this new method in their 
plants. 


The process itself depends upon 
the formation of a gel (silicic acid) 
which is set free when carbon diox- 
ide reacts with sodium silicate (wa- 
ter glass). Sodium carbonate is also 
formed during the reaction. Silicic 
acid forms a skeleton around the 
sand grains and strongly binds them 
together. Sands designed for steel, 
gray iron, and all non-ferrous metals 
may be used. 


The sand mixture is made by 
blending a fine-grained, dried river 
sand with 4 to 5 percent of a special 
binder (water glass). Depending up- 
on the material to be cast, different 
materials are added to this basic 
mixture as extenders: In Germany, 
1 per cent asphalt binder is used in 
steel, while 4 per cent sea coal is 
used in gray iron practice, Wood 
flour may be substituted for the sea 
coal. The purpose of these additives 
is to increase collapsibility of core 
or mold by burning out when the 


*General Manager, Concordiahutte, Bendorf am Rhine, Germany. 
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By 
Dr. Waldemar Schumacher* 


liquid metal enters the mold. A fire 
clay grog is sometimes added to the 
basic formula for thicker-walled 
castings. The sand is mixed in an 
ordinary mixer for four to six min- 
utes and is ready for immediate use. 

Figure 1 shows how the cores are 
prepared. The core box is packed 
by either ramming or jolting—omit- 
ting many of the reinforcing rods 
and wires. A hole about 4 in. in 
diameter is next pushed through the 


Fig. 1— A %-in. hole 
is punched through the 
green sand mold or 
core to allow CO2 gas 
under about 30 psi 
pressure to permeate 
the sand and set-up the 
water-glass binder. 
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green core for the purpose of intro- 
ducing the CO, gas under about 30 
psi pressure for about 15 to 20 sec- 
onds. As this gas permeates the core, 
the core is completely hardened and 
may be removed from the core box 
in one piece. 

The hardened core may be coated 
with a core wash or not (depend- 
ing upon its intended use), placed in 
the mold, and cast. Washed cores 
are not necessarily dried before use. 
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Fig. 2 — Physical properties of water- 
glass bonded sands. 


The author refers to cores made 
by the CO, process, 

Once the sand is mixed, it is best 
kept either in a container or cov- 
ered, i.e., during the night, with wet 
burlap because the CO, in the air 
causes a crust to form over the sand 
if it is not protected. 

Once the molds or cores have 
been treated with carbon dioxide, 
they are quite stable and not hygro- 
scopic. They can be stored almost 
indefinitely. 

In preparing molds, the special 
sand mixture is used as a facing. 
About 2 to 3 in. of the sand is placed 
over the pattern and rammed 


Fig. 4 — Green sand mold, conventionally taced and backed and jolted, is removed after 
hardening with COz2 passed through vents in pattern. 





489 





Fig. 3 — Conventionally blown core was hardened in core box with 15-sec. application of 
COd:; driers are eliminated and core rods reduced. 


lightly. Backing sand fills in the re- 
mainder of the flask, and the sand 
is rammed in the usual manner 
either by hand or in any of the 
available types of machines. After 
this, about 15 to 20 holes are equi- 
distantly placed in the mold, and 
the CO, gas introduced into them. 

Of course, the sprue, runners, and 
ingates must all be part of the pat- 
tern, since the sand is hardened in 
place prior to pattern removal. Gat- 
ing and risering techniques need 
not be modified. 

Evidence has shown that the heat 
conductivity of this type of sand 
mixture is less than that of a normal 





composition. Therefore, the metal 
stays liquid in the mold longer than 
would ordinarily be expected; how- 
ever, regular pouring procedures 
are used. 

Figure 2 gives an idea of the phys- 
ical properties of the sand bonded 
by this process. Notice that during 
the first few seconds of CO, applica- 
tion no appreciable shear or com- 
pressive strength is produced; but 
after 5 seconds exposure, values be- 
gin to increase until after 20 sec- 
onds the sand mixture is as strong 
as dried sand. Permeability appears 
to remain constant. 

The CO, process may be used 





Fig. 5 — Molder admits CO2 before draw- 
ing the pattern. 
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with regular foundry molding and 
coremaking methods. Hand ram- 
ming has been illustrated, but core 
blowing can also be used. Figure 3 
shows the preparation of a blown 
plug core for a gray iron housing. 
After the core was formed, CO, was 
blown through it for 15 seconds, 
hardening it for immediate use. 
Core rods have been practically 
eliminated and no core driers are 
necessary. 

Figure 4 shows a mold removed 
from the pattern after about 3/-in. 
facing sand and backing sand have 
been added in the usual manner, 
after conventional jolt ramming, 
followed by hardening with CO». 
The gas is introduced into the green 
sand mold through the piping at 
the near edge of the pattern plate 
and through vents in the pattern 
surfaces. Figure 5 shows molding 
machine position as the operator 
operates gas valve. 

Figure 6 shows a set-up for the 
shell of a street roller (the inner 
core and the cope flask). The casting 
is made of steel and the blow-holes 
are located near the upper edge. 
equidistantly spaced about % in. 
from the surface. The CO, is blown 
all the way down and also into the 
core; and after the blowing and 
hardening, a zircon wash is applied 
and allowed to “set” for about 5 
hr before assembling and casting. 

Figure 7 shows a mold for a steel 
casting weighing five tons. The 
whole piece was made by the CO, 
process—all the parts were blown, 
the mold zircon washed, the cope 
put in place, and the part cast. No 
oven drying was necessary. Figure 8 
shows the finished casting made in 
the mold. 

Figure 9 shows still more parts 
produced by this process. One piece 


weighs about six long tons and the 
cores and outer parts of the mold 
were hardened with CO,. The lower 
part of the mold shows the vents 
which serve to remove the air from 
the core. The cracking strips indi- 
cate it is a steel casting. 

Figure 10 shows the completed 
casting which weighs about six long 
tons, including sprue, gates, and 
risers. 

What are the advantages of the 
COz, process? Figure 11 shows the 
mold and the core of a jacket for 
rolls, both of which were made by 
this process. All of the factors which 
led to economies will be explained. 
Note that the sprue was made from 
a wooden pattern; the gates are not 
shown. 

Figure 12 shows the drawing of 
this roll jacket. This part is 714 ft 
long and | ft in diameter. Both the 
old and new processes are compared. 
The old process required 1000 min- 
utes production time, the CO, proc- 
ess only 840 minutes. 

As for some of the additional 
costs, CO, must be blown into the 
molds, and it takes 35 minutes for 
the cope and drag combined. By us- 
ing a compressor, blowing time may 
be reduced. However, there is no 
necessity for reinforcements, and 
fewer gaggers are needed. About 15 
minutes is saved because of this. The 
cope need not be turned, eliminat- 
ing plates. The pattern can be re- 
moved from the mold immediately 
after hardening. No drying or core 
baking are necessary, eliminating 
much handling and transporting. 

The 160 minutes saved doesn’t 
even count the time for transport- 
ing the cores and molds to the dry- 
ing ovens and the pouring area. 

The steel foundry of Concordia- 
hiitte in Bendorf uses this process 


CO, PROCESS IN THE FOUNDRY 








Fig. 8 — 5-ton casting from above mold; 
oven drying was eliminated. 





Fig. 6 — Inner core and cope flask for street roller shell. 


Fig. 7 — Large mold was blown with CO»; coated with 
zircon wash. 
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Fig. 10 — Rough steel casting from Fig. 9 mold. 
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Fig. 12 — Production time for making roll jacket was reduced from 1000 minutes for the 
old process to 840 minutes with COz2 process. 


exclusively in their coremaking de- 
partment. They discovered that the 
labor cost per long ton of good cast- 
ings shipped was the lowest in any 
German steel casting plant. This 
can be attributed to the elimina- 
tion of many operations and the 
speeding up of the core cycle. 


As for the molds in this shop, 
about 60 per cent are prepared by 
the CO, process, and the remainder 
made by usual synthetic sand prac- 
tices or by sweep molding. 


All size castings, from 65 pounds 
to 7 (long) tons, are produced here. 
The average hourly output of the 
molders was raised from about 120 
lb to about 135 lb. To express it 
differently, the wages per operator 
dropped from $7.80 per long ton to 
$7.00 per long ton—an increase in 
productivity of nearly 15 per cent. 


Cost Is Low 


In Germany, the binders used for 
the CO, process are always cheaper 
than drying oil binders available in 
core rooms. Furthermore, this CO, 
binder is always available in any 
country where a chemical industry 
exists. There is hardly any fluctua- 
tion in the price of the sodium sili- 
cate or COs, 


At the steel foundry of Concordia- 
hiitte remodeling the conventional 
drying ovens to permit more air 
circulation to take care of spot de- 
mands for more molds and cores 
was considered. After introducing 
the CO, process, this factor could 
be ignored. Now the ovens are used 
only for drying sweep molds. This 
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Fig. 13— Newly formulated mix allows 
removal before hardening. 








Fig. 11 — Mold and core for roll jacket. 


elimination of oven drying has the 
added advantage that the flasks are 
no longer exposed to the oven gases, 
and therefore, stand up longer due 
to the decreased wear and tear. 

Since the molds and cores can be 
hardened rapidly, castings can be 
speedily made, and should a large 
core break, another can be made in 
a hurry while the heat is still being 
poured. This, in turn, assures on- 
time delivery to the customer. 

As mentioned before, the patterns 
are withdrawn from the mold after 
the sand hardens. The core boxes 
are also taken apart after the core 
hardens. The patterns and core 
boxes are never forced or rapped; 
therefore, both the core and mold 
are always accurate dimensionally. 
Casting precision is simply a ques- 
tion of figuring the shrinkage cor- 





Fig. 14 — Pattern for a 1100-Ib bed cast- 
ing contains many ribs. 
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rectly and properly preparing the 
pattern. This also makes possible 
the specification of much smaller 
machining allowances. 

There is no need for slicking the 
mold. No oven baking is necessary, 
nor are core driers. 

In referring to the manufacture 
of the steel rolls, the few steps neces- 
sary to produce the core and molds 
were described. With fewer steps 
than in normal practice, there is 
less chance to make mistakes, and 
scrap drops. At a foundry in the 
Rhine Province, it has been shown 
that the introduction of the CO, 
process reduced scrap. 

For the roll jacket, only one-half 
of a core box is necessary to make 
the core, because the core is hard- 
ened directly in the box and the 
same box can be used for both 
halves. This means that for symmet- 
rical molds, only half a box is nec- 
essary for the CO, process, whereas 
with drying oil 24 hr of curing time 
for each half is not uncommon, fol- 
lowed by pasting and drying to form 
a cylindrical core. 

As for some of the difficulties en- 
countered with the process, of 
course, the patterns must be perfect, 
especially with respect to draft since 
the sand is hardened directly on 
them. Also, it is best to use this proc- 
ess for the manufacture of parts that 
are symmetrical and have no large 
vertical planes. Concordiahiitte has 
tried to overcome this limitation in 
the steel foundry by developing a 
modified process. According to this, 
the pattern is first removed from the 
mold and the mold then hardened. 

The old sand mixture had low 
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Fig. 16 — Molder blows COz into a section of the mold. 


strength values which started to in- 
crease only after five seconds, By 
using the modified process, 1.5 psi 
shear strength and 5.3 psi compres- 
sion is obtained immediately after 
blending. This permits immediate 
removal from the pattern withour 
prehardening. (Fig. 13). 

Figure 14 shows a pattern for a 
bed with a lot of ribs. The part 
weighs 1100 Ib. In Fig. 15, the pat- 
tern has already been removed from 
the mold, and the molder is cutting 
the sprue instead of having it as part 
of the pattern. He begins to blow 
CO, in Fig. 16. 

This modification now makes it 
possible to use all types of patterns 
with the CO, process. 

Since the hardened sand contains 
soda ash, the problem of reused 
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Fig. 15 — Sprue is cut after the pattern has been removed. 


sand deserves careful consideration. 
Soda ash lowers the sintering point 
of silica, thus the used CO, sand 
should not be mixed with green 
sand. The used sand should be al- 
lowed to be exposed to air and 
leached of soda ash by rain—or it 
must be used with old backing sand. 


The author has tried to present 
a report on the COz process. That 
this process has taken hold in Ger- 
many may be seen from the sales ol 
one CO, producer for the German 
foundry industry. In 1953, he de- 
livered about one ton of CO, in 
three months; today he sells abour 
70 tons during the same period. 

The CO, process must be usea 
with discretion—it is not a panacea 
for the foundryman. One can’t use 
sweep molding with the CO, proc- 
ess. However, each foundry utilizes 
a number of patterns where it is 
feasible to take advantage of the 
economical and technological im- 
provements that are afforded by this 
process. 

Do not hesitate to try out this 
process, despite the usual difficulties 
which are encountered with any- 
thing new. Don’t give up right 
away; perseverance is worthwhile. 

The author gratefully acknowl- 
edges the invaluable assistance of 
O. Jay Myers, technical director, 
Foundry Products Div., Archer- 
Daniels-Midland Co., Minneapolis, 
and Hans J. Heine, technical direc- 
tor, American Foundrymen’s Soci- 
ety, Des Plaines, Ill., in translating 
and critically appraising this manu- 
script. 

















REACTIONS DURING CORE BAKING 


By 


Gerald J. Grott* and Howard F. Taylor* * 


Foreword 

The Master of Science thesis, of which the following 
is a part, was initially planned as a laboratory investi- 
gation of the bonding mechanism in linseed oil-sand 
cores. Before initiating research, a literature survey 
was made. It was readily apparent from analogous 
work in other fields, the problem was already under 
consideration and many researches had already been 
made, so the thesis developed into more survey and 
less research than was originally intended. 

The critical survey of work done in the field should 
help explain many ordinary core baking phenomena, 
and should rationalize some of the day-to-day obser- 
vations of core behavior. 

The limited experimental work reported shows a 
linseed oil-sand can be baked in a matter of seconds 
(1) if adequate oxygen is supplied to all parts, and 
(2) if products of baking (drying and reaction gases) 
are rapidly removed. 

The investigation of core binders continues to oc- 
cupy a prominent place in the Foundry Industry. New 
tests for evaluation are acclaimed and then discarded 
as they fail to meet the ultimate criteria of any evalua- 
tion procedure; simplicity and adaptability to the 
widely varying conditions existing in different foun- 
dries. 

This investigation was started as a search for such 
a test: it rapidly developed into an evaluation that 
first overshadowed and eventually eclipsed the original 
thought. 

This paper records the early stages of investigation; 
the search of literature to learn what has been done, 
and so avoid costly duplication and dead ends, fol- 
lowed by limited experimentation to help in the de- 
sign of future experiments. 

The investigation led into a highly specialized 
branch of organic chemistry: that of the oil chemist. 
This field was, and still is too great a degree, entirely 
foreign to the authors. For the benefit of those simi- 
larly afflicted, a short discussion of the language em- 
ployed is included under the loosely used title “Glos- 
sary of Terms”. 

For the many foundrymen who shy away from 
strange terms and theory, let it be said that four years 
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** Professor of Metallurgy, Massachusetts Institute of Tech- 
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of practical experience following this work has proved 
it to be adaptable to practice in all respects. In an 
industry engaged in changing “art” into “science” 
some deeper knowledge of our basic processes is 
necessary. 


Baking Cores 


An oil sand core mixture usually contains cereal 
or clay (or both) and water to provide the green 
strength necessary for the core to retain its shape be- 
fore and during baking. The cereal may be regarded 
as inert concerning any chemical or catalytic effect 
on the drying oil. Some clays inhibit drying. 

Any single portion of the core, and for the purpose 
of discussion, let us consider two or three sand grains 
with their surrounding bond as constituting a portion, 
must pass through several distinct periods in the bak- 
ing cycle: 

1) Temperature rise and moisture removal below 
100 C (212 F), 

2) time at 100 C (212 F) while the remaining 
moisture, if any, is removed, 

3) temperature rise until oven 
reached, 

4) time at oven temperature, 

5) cooling to room temperature. 

At each and every step in this cycle there are four 
major variables to be considered: 

a) Temperature, b) oxygen concentration, c) mois- 
ture, and d) oil composition. 

Let us consider these variables in the order given. 


temperature is 


Oxidation of a Drying Oil — Effect of Temperature 


Perhaps the outstanding work covering the effect ° 
of temperature on the oxidation of linseed oil is that 
of Hess and O’Hara!. In this investigation 500-gram 
quantities of linseed oil were oxidized in a closed ves- 
sel at controlled temperatures. The oil was agitated 
by an impeller rotating at 1060 rpm and air was 
supplied at the rate of 0.12 cfm. A partial vacuum 
was employed to remove decomposition products. Pe- 
riodic samples were taken and analyzed for viscosity, 
peroxide value, ultraviolet absorbtion, dielectric con- 
stant and power factor, oxygen content, refractive in- 
dex, and iodine value. A close abstracting of this paper 
will cover much of the field of auto oxidation. It must 
be remembered that this covers only changes in the 
liquid state: no film or bond was formed. 

The point is stressed that reproduction of process- 
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ing results for oils from different sources, although 
oxidized under the same experimental conditions, is 
difficult to achieve. Differences in method of prepar- 
ation of these oils, such as alkali or acid refinement 
or treatment with blanching clays, emphasize the over- 
all differences in the kinetics of the oxidation reac- 
tion. It could be shown that the reaction of any given 
oil depends on the air flow, degree and type agitation, 
and the temperature of the process: in addition, the 
performance of the oil is affected by the history of 
the oil itself; such as geographical origin, the method 
of expelling from the seed, and the length of storage. 

For many raw drying oils there is an induction pe- 
riod or time of inhibited oxidative polymerization. 
Powers? states that it has been established that the 
inhibition is due to sterols, solid alcohols present in 
the seed from which the oil was extracted. 


Induction Period Changes 

Experimentally it has been determined that both 
chemical and physical changes occur in the oil during 
the induction period. Although these changes, when 
compared to differences found during the oxypolymer- 
ization reaction, are so minor that they have often 
been considered nonexistent; they are nevertheless dis- 
tinct as can be seen in Fig. 1. 

At the end of the induction period there is a sharp 
change in the values of the various properties meas- 
ured. Heat input requirements, as measured by the 
voltage required to maintain the oil at a predeter- 
mined temperature, provide perhaps the most direct 
method for determining the start of these changes. 
The changes are accompanied by heat liberation due 
to the exothermic nature of the reaction taking place 
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Fig. 1 — Chemical and physical changes in oil during induction 
period® 
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Fig. 2 — Peroxide value changes for raw linseed oil processed 
from 80-200 C (176-392 F)8 
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Fig. 3 — Oxypolymerization rate from 80-200 C (176-392 F)® 


so less voltage is needed across the heating coil to 
maintain the desired temperature. 

Changes in peroxide value are plotted in Fig. 2. This 
plot indicates that temperature has a distinct effect 
on the induction period length. For oils from different 
sources induction times differed but they were still a 
logarithmic function of time. The values plotted are 
the net result of peroxide formation and decomposi- 
tion. The important thing to note is that for tempera- 
tures above 130 C (266 F) the difference between the 
raw and aged oils disappear and that the rate of perox- 
ide decomposition in both oils greatly limits the 
amount of peroxides found at any given time. 

As cores made with this type of oil are usually baked 
at temperatures above 200 C (392 F) the amount of 
peroxides present in a core is bound to be very small. 
Let us repeat that this is not due to lack of peroxide 
formation but due to the high rate of decomposition 
found at the higher temperatures. 

Hess and O’Hare have termed the period of the ad- 
dition of oxygen to the reactive centers of the oil mole- 
cule “oxypolymerization.” Within a certain tempera- 
ture range the inital rate of viscosity increase (Fig. 3) 
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is identical as indicated by the parallelism existing be- 
tween the different curves. However, at a definite point 
along these curves a change in the rate of viscosity 
increase occurs. 

The existence of this rate change makes it possible 
to show that there are at least three distinct tempera- 
ture regions, each characterized by different types of 
oxidative changes. 

1) Below 84 C (183 F) the rate of reaction is very 

low. 

2) Oxidation experiments carried out in the 84 to 
130 C (183-266 F) region are characterized by 
three facts: 

a) The rate of the reaction decreases after the 
rate change. 

b) The length of the induction period in- 
creases logarithmically as the temperature 
is lowered. 

c) No significant relative differences could be 
detected at any given viscosity in refractive 
index, dielectric constant, or power factor 
indicating a lack of carbon-to-carbon poly- 
merization. 

3) The region above 130 C (266 F) is distinguished 
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Fig. 4 — Tensile strength vs. time of bake for different baking 
temperatures 


by a practically negligible induction period. Vis- 
cosity rate changes in this area occur at lower 
viscosities as the temperature is increased, but 
more significantly the rate of viscosity increase 
becomes greater after this rate change. 

As the temperature is increased above 130 C (266 
F), progressively lower dielectric constant and power 
factor values are found for any given viscosity. For 
any given viscosity the refractive index was found to 
be greater at the higher temperatures. A progressively 
greater amount of the typical high temperature car- 
bon-to-carbon polymerization occurs as distinguished 
from oxidative polymerization. 

Although the per cent oxygen at any given viscosity 
remained relatively constant in the 84 to 130 C (183-266 
F) (average value at 3000 cp about 18 per cent) any 
increase in the temperature above 130 C (266 F) 
resulted in progressively lower values. The oil oxidized 
at 200 C (392 F) to 3000 cp contained only15.5 per 
cent oxygen. This, again, may indicate an increase 
in the carbon-to-carbon polymerization at higher tem- 
peratures. 

What is not shown, but might be inferred, is that 
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at temperatures above 200 C (392 F) ‘the viscosity 
rate change could occur at viscosities so low as to 
approach that of the original oil. In other words, 
the initial rate of change found in these experiments 
might, for all practical purposes, disappear at higher 
temperatures. 

A comparison of core baking with this study may 
be made by comparing. Fig. 4 (a replot of data?) with 
Fig. 3. There is no denying the startling similarity 
and at temperatures above 400 F (205 C) no break 
in the curve can be detected. 

When time to reach peak strength as a function of 
temperature is plotted (Fig. 5), considerable evidence 
is found that the conclusion drawn from Fig. 4 is 
justified. For data from three entirely independent 
sources the average rate change, as measured by the 
time to reach peak strength, is linear up to a given 
temperature at which temperature the rate change 
is abrupt. (Data for one thermosetting resin is in- 
cluded merely for comparison.) 

Thus it may be concluded that, while the oxygen 
is most active in the intermediate step, it serves pri- 
marily to build reactive molecules that may then 
polymerize to form the final bond. 


Oxidation of a Drying Oil — Effect of 
Oxygen Concentration 

For room temperature drying of linseed oil films 
on glass slides Slansky* found that films dried in air 
absorbed more oxygen than films dried in commercial 
Cco.. 

The ratio, change in lodine Value/Per cent Weight 
Increase had a value of 7.7 for air and 14.7 for CO,. 
For any given disappearance of unsaturated bonds, 
the film dried in air had absorbed almost twice as 
much oxygen as those dried in CO,. However, the 
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Fig. 5 — Time to reach peak strength vs. baking temperature 
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rate of drying was about 20 times greater for air drying 
than for drying in CO,. 

Slansky further found that films dried in CO, 
showed a marked superiority in resistance to moisture. 
He cites as general knowledge that the dry film of a 
thermally polymerized oil is considerably more water- 
proof than that obtainable from an untreated linseed 
oil. This thermal polymerization is again described 
as carbon-to-carbon bond formation: the type occur- 
ring during the bodying of linseed oil at high temper- 
ature. 

An experiment® to determine the effect of oxygen 
concentration on core baking was carried out in a 
small radiant oven with an artificial atmosphere pro- 
vided by metering tank oxygen and nitrogen. Repro- 
ducibility of results was attained only on cores from 
the same batch of mix and baked on the same day. 

Standard 2 in. x 2 in. cores made of sand plus | 
per cent cereal, 0.76 per cent oil, and 3 per cent water 
and containing two thermocouples were placed in the 
radiant oven. Time and temperature was recorded for 
the skin and center of the cores. The cores were heated 
to 450 F, removed from the oven, cooled, and placed in 
a desiccator. One hundred-gram samples of the cores 
were agitated in acetone for 30 minutes. The acetone 
was then filtered off, distilled, and the residue weighed. 
The results are given in Table 1. 

No strict conclusions can be drawn from the data 
but it does show a definite trend. For group I, at the 
flow rate of 3.5 cfh, increases in oxygen concentration 
increase the amount of material attached in the poly- 
mer. However, the increase from 20 per cent to 40 
per cent oxygen is less effective than the increase from 
3.5 to 7.0 cfh at the 20 per cent oxygen concentration: 
circulation was more important than concentration. 
This trend is also followed in group 2 though the 
actual amounts found in the two groups are not com- 
parable. 


TABLE 1 — EFFECT OF OXYGEN CONCENTRATION AND 
FLow RATE ON BAKING OF LINSEED O1L Cores5 








Soluble 
Flow Time, min. Material 
Atmosphere Rate, To Oven Gm/100 gm 
%, No % Oo cfh To Dry Temp. of Core 
Group 1 
100 - 3.5 26 61 0.450 
80 20 $5 23 40 0.170 
60 40 35 20 44 0.126 
80 20 7.0 22 40 0.065 
Group 2 
80 20 1.5 19 42 0.087 
80 20 2.0 19 41 0.051 
80 20 2.5 19 41 0.024 





Of significance is the slow rise to oven temperature 
of the core baked in nitrogen as compared with the 
rest. The difference is due to the exothermic nature 
of oxidation. This heat of oxidation is the cause of 
the apparent anomoly of a core getting hotter than 
the oven® in which case the oven is actually cooling 
the core. 

We have found that polymerization does take place 
in the near absence of oxygen though at a low rate. 
This polymerization is of the same type that occurs 
in the so-called thermal polymerization, and, while 
no data were found on the high temperature drying 
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of films in the near absence of oxygen, the literature 
is abundant on changes in the liquid state. 


Thermal Polymerization of a Drying Oil 


Privett, et al? investigated the heat polymerization 
of linseed oil at 260 to 275 C (500 to 527 F) under 
the continuous passage of CO, to remove volatile de- 
composition products. The results of physical and 
chemical tests indicated that polymerization proceeds 
according to the level of saturation in the triglyceride 
molecules. The most highly unsaturated molecules are 
polymerized first, followed in the order of decreasing 
saturation. Thus a well-defined sequence of reactions 
take place to form dimers, trimers, tetramers, etc. This 
sequence is of utmost importance and will be referred 
to later when the subject of oil composition is con- 
sidered further. 

It was stated before that the literature is abundant 
on this subject. However, references could be quoted 
without changing the final conclusion. 

Polymerization of a drying oil is dependent on the 
rate of heating, the ultimate temperature, and the at- 
mosphere at each and every step. It is then possible 
for the baking of a core to result in a polymer struc- 
ture with properties that vary from the surface to the 
center and that vary from day to day as conditions 
change. 

The variation is well known to the foundryman and 
a particular offender is the effect of humidity changes. 
On damp days cores do not bake well. 


Oxidation and Polymerization — Effect of Moisture 


Perhaps the most important concept concerning re- 
action rates and degrees of reaction is that known as 
the law of chemical equilibrium. For our purpose it 
may be stated in part as: to speed a reaction and to 
carry it to completion requires the formation of a 
product that can be removed or rendered inert. In 
our case the volatile gases can be removed and the 
oil molecules render themselves inert as they join the 
polymer. 

It has long been known (Cloes in 1865) that water 
is formed, along with many other volatile products, 
in the drying of oil films. That water is also formed 
in the thermal oxidation and polymerization of dry- 
ing oils is equally well known. 

Hazelhurst® found that decomposition and side re- 
action products appear almost immediately when the 
oil has absorbed any oxygen; certainly they are active 
when as little as 0.25 per cent oxygen has been taken 
up and continue as long as oxygen is absorbed. Under 
some conditions as much as 25 per cent of the oxygen 
reacting with the oil is given off as a constituent of 
short chain volatile reactions along with approxi- 
mately an equal weight of carbon and hydrogen. 

Other investigators® found that raw linseed oil 
bodied under nitrogen gave off water up to 150 C 
(302 F) under atmospheric pressure and water was 
still held tenaciously at 170 C (338 F) with a partial 
vacuum. Also, above 150 C (302 F) volatile matter 
darkened rapidly in contact with the hot walls of 
the container and imparted a dark color to the oil 
on condensing. It was aldehydic and of a strong lin- 
seed oil odor, an odor familiar in core rooms lack- 
ing adequate oven ventilation. 
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Recent work!° shows one baking test where an in- 
crease in oven humidity delayed time to reach peak 
strength approximately 45 minutes (increase of 75 
per cent) while the peak tensile strength of the cores 
was not changed. 

A close examination of the data presented shows 
that the above-mentioned concept is of considerable 
importance in core baking. Higher humidities slow the 
removal of moisture. However, if the extension of 
the drying out period were the only effect, then at 
least the higher strength portions of the baking cycle 
curves should be separated along the time axis by a 
given constant amount. Moisture removal is complete 
in this size core long before peak strength is reached. 
Table 2 shows that, as predicted from the concept 
of chemical equilibrium, higher humidity affects each 
and every step of the baking process even to overbak- 
ing. It will be shown later that overbaking (as distinct 
from burning) is an extension of polymerization. 


TABLE 2 — EFFECT OF HUMIDITY ON RATE OF BAKING!° 








Tensile 

Strength, Regular Bake, Humid Bake, Difference, 
psi min min min 

75 23 35 12 

100 25 43 18 

125 30 60 30 

150 (Peak) 60 105 45 

137.5 140 205 85 

125 200 300 100 





The essence of the above paragraphs can be con- 
tained in one statement. It is of utmost importance 
that adequate circulation of air be provided to sweep 
away water and other by-products. It is to be under- 
stood, of course, that concentration of these products 
in the air should be reduced as far as economically 
possible. 


Drying Oils — Effect of Composition 

In the discussion on thermal polymerization it was 
stated that the sequence of polymerization according 
to the level of unsaturation was of utmost importance. 
This is well substantiated by the work of Anderson 
and Porter!1. 

Polymerization rate constants (at 588 F under a 
vacuum of less than 10 mm Hg) based on viscosity 
were determined for 67 different drying and semi- 
drying oils. 

When the logarithm of viscosity was plotted against 
the reaction time in hours it was found that each plot 
consisted of three distinct sections or regions. The 
first and second regions were straight lines, the third 
a curve. 

It is believed that the linear stages proceed through 
intrapolymerization followed by interpolymerization. 
Again we find the build up of molecular weight of 
individual molecules followed by the formation of 
three-dimensional polymers. 

It was found that the type (linseed, cottonseed, soy- 
bean, olive, corn or peanut oil) of oil or oil mixture 
used was important only in that it affected the final 
fatty acid composition: the correlation of polymeriza- 
tion rate with fatty acid composition was independent 
of type of oil or oils used to obtain the combination. 

The indications found by Privett (cited in our dis- 
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cussion on thermal polymerization), that the most 
highly unsaturated acids polymerized first, were cun- 
firmed in this study. 

Linolenic acid polymerizes more rapidly in the first 
stage, linoleic in the second, and the effect of oleic 
acid is more pronounced in the third or pregelation 
stage. 

The average polymerization rate from 0.5 poises 
(approximate commercial shipping viscosity) to 100 
poises (approximate viscosity in the pregelation stage) 
was found to correlate best with the thiocyanogen 
analysis function (2 per cent linolenic + 1.6 per cent 
linoleic + 0.6 per cent oleic) as shown in Fig. 6. 
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Fig. 6 — Correlation between polymerization rate and thiocy- 
anogen analysis 


In general it was found that the relative effect of 
any one unsaturated acid (as the glyceride) on the 
polymerization rate of the oil in which it was present, 
was dependent not only on its identity, but on the 
percentage in which it was present and the particular 
portion of the polymerization reaction under con- 
sideration. 

This information is highly important but in the 
evaluation of core oils it must be used with caution. 
The data were collected for oils in which the drying 
oil fatty acids were the only components contributing 
to polymerization. It is doubtful if many of today’s 
core oils are of such simple composition. 

Bradley and Tess!? warn that over-emphasis on the 
role of unsaturation (Iodine Number) may well have 
retarded progress in the drying oil industry. The oil 
chemist may replace glycerol with alcohols having 
more hydroxyl groups or replace a portion of the 
drying oil fatty acids with polybasic acids. 

In each case the manufacturer is designing a new 
and superior form of drying oil even though the io- 
dine values are generally lower than are found in 
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natural drying oils. The degree of unsaturation per 
unit weight as expressed by the iodine value may de- 
crease, yet because a large molecule has been synthe- 
sized, the degree of unsaturation per molecule has been 
. increased. 

Synthetic, non-fatty drying oils may be derived from 
petroleum products. These are the mineral polymers 
and are an important component of many core oils. 
When these mineral polymers, or other unsaturated 
material, are ‘added to fatty materials and the whole 
interpolymerized, a copolymer is formed. The copoly- 
mer often, but not always, has more desirable prop- 
erties than the polymer of either of the separate mate- 
rials. 

Thus, if the foundryman has tested an oil in pro- 
duction and found it satisfactory, acceptance standards 
based on composition may be established in coopera- 
tion with the supplier. However, composition data 
alone cannot always be used to predict the perform- 
ance of a different blend of polymerizable materials. 


Properties of a Dried Oil Film 

We have shown that the composition of drying oils, 
and hence their structures, are known quite accurately. 
The structure of the dried film is not so well known 
but several principles are well established. 

A film that is insoluble and infusible must consist 
of a polymer comprising a cross-linked network of 
monomer units held together with primary linkages!3. 
Since drying oil films are insoluble and infusable 
within the limits of this specification, it may be as- 
sumed that they consist of such a network structure. 

The indications cited in the earlier sections of this 
paper were that oxygen contributes to the forma- 
tion of larger molecules that eventually link together 
to form the cross-linked polymer network. Some of 
the oxygen remains and must be included in the bond 
but the tests show that many carbon-to-carbon link- 
ages are formed. Actually, the method of linking is 
of no real concern as far as the final foundry use is 
concerned. It is the final mechanical properties that 
are all important. 

The properties of most concern may be summarized 
as follows14. The effect of high temperature, 250 C, 
(482 F) with time of drying on the properties of crude 
and polymerized linseed oil was that: the loss in 
weight, the hardness, and the tensile strength in- 
creased while the elasticity and solubility (in acetone) 
decreased. 

This is to be expected. Polymerization is the cou- 
pling of linkages to build a network; the greater the 
number of links in the network the greater the strength 
will be. It is equally obvious that the greater the ri- 
gidity of the bond the less wil! be its ability to expand 
or contract. As polymerization proceeds the elasticity 
decreases. The quality of the bond is lost through the 
same mechanism that formed it: overbaking is over- 
polymerization. 

When this advanced stage is reached, molecules with 
vacant bonds are scarce: most joined the network. The 
rigid nature of the network limits the ability of the 
remaining few to move to a position where they may 
join the network. The probability of having all mole- 
cules participate fully is very slight. 

The film is an organic compound and subject to 


REACTIONS DuRING CorE BAKING 


deterioration with time. Naturally, the higher the 
temperature the faster the breakdown. It is this quality 
that gives collapsibility to cores at casting tempera- 
tures. Even at baking temperatures decomposition oc- 
curs and the cores may be “burned”. In practice it is 
hard to draw the line between overbaking and burn- 
ing. 

The film also may be weakened by solvent absorp- 
tion. A cross-linked polymer network such as we are 
considering will absorb liquid only to a definite 
amount!5: a well-defined swelling equilibrium is es- 
tablished. This swelling may be regarded as the ex- 
pansion of the network by the absorbed solvent to a 





Fig. 7 — Method of weighing for moisture determination 


point where the elastic forces in the network counter- 
balance the tendency towards dilution by the solvent. 
The amount of liquid absorbed depends on the 
strength of the bond and thus on the degree of baking. 

Water may be considered in the role of a weak sol- 
vent. If part of the strength of the bond is counterbal- 
ancing the tendency toward solvation there is just that 
much less strength to resist further stress. It is probable 
that certain bonds will be weakened or even broken. 
This probability is borne out by the failure of cores to 
regain full strength after drying. 

Hohn! used the loss in core hardness as a measure 
for comparison of the resistance of various core binders 
to moisture. The Steel Founders’ Society advocates17 
the use of a test for baked cores in which the cores are 
exposed to a humid atmosphere before testing for ten- 
sile strength. The ratio of strength after exposure to 
strength before exposure (for a duplicate group) is 
taken as a measure of the resistance of the binders to 
moisture. 

The driving force for solvent action by a humid 
atmosphere is the partial pressure of the water vapor 
in the air. 

The effect of humidity on moisture pick-up by cores 
was evaluated at room temperatures (average 77 F). 
The term “pick-up” is used because the moisture is 
adsorbed on the grain and bond surfaces as well as 
absorbed by the bond. These cannot be separated by 
simple weight gain or loss experiments. 


Experimental Results 
For tests requiring close control of humidity specia! 
techniques were necessary as a controlled humidity 
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room was not available. Carr and Harris18 give a num- 
ber of saturated solutions that maintain a constant 
relative humidity over a fairly wide range of tempera- 
ture. This proved useful because cores taken from 
closed containers for weighing in air lost or gained 
weight so rapidly as to prevent accurate measurements. 
To obtain better accuracy cores were suspended above 
such solutions in individual containers that allowed 
weighing without removal (Fig. 7). Duplicate cores 
were run simultaneously. Variations between these du- 
plicates were less than 0.002 per cent moisture. 

To check the idea expressed above that some bonds 
might be permanently weakened or broken by expo- 
sure, one core from the 100 per cent relative humidity 
test was dried, cooled over sulfuric acid, and re-ex- 
posed. The data are plotted in Fig. 8. 

It should be noted that the starting moisture in the 
twice exposed core is high. Presumably this moisture 
content could be attained by condensation in the 30 
seconds that elapsed between removal from the 5-10 
per cent relative humidity bath (sulfuric acid) and the 
first weighing in the 100 per cent humidity container. 
However this may have occurred, the eventual pick-up 
was considerably higher indicating that the bond was 
weakened by the first exposure. 

The equilibrium values from Fig. 8 are plotted in 
Fig. 9 as a function of the vapor pressure of the water. 
Plotted on the same graph are the findings of Richard- 
son1° on the average tensile strength of 19 commercial 
oils. The “dry” storage strength is plotted as 10 per cent 
relative humidity (1.9 mm Hg at 70 F), this probably 
being as low as is attainable through ordinary methods 
at this temperature. It is apparent that loss in strength 
and moisture pick-up are similar functions of the par- 
tial pressure of water vapor. 
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Fig. 9 — Curves show effect of moisture pickup and vapor pres- 
sure on tensile properties of cores 


This changing solubility of the bond as baking prog- 
resses offers a measure of the degree of baking. Extrac- 
tion of the material soluble in acetone was carried out 
at room temperature and by Soxlet extraction (Fig. 
10). The acetone was first distilled off over boiling 
water and then under reduced pressure and the residue 
weighed. The data in Fig. 11 are for two separate ex- 
periments conducted two years apart so that the results 
should not be expected to agree quantitatively. How- 
ever, the abrupt change in solubility shows that in each 
case the formation of an insoluble polymer occurs al- 
most instantaneously once it starts. 

This abrupt change removes the necessity for accu- 
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Fig. 8 — Effect of relative humidity on moisture pickup by oil sand cores 
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rate determination of the amount of soluble material 
as far as production control purposes are concerned. 
Samples of known concentration may be prepared to 
serve as standards as shown in Fig. 12. A simple com- 
parison of an unknown sample will show the approxi- 
- mate degree of bake. 

This method is also applicable to a comparative 
evaluation of oils to at least one extent. The soluble 
material remaining after baking to the desired strength 
is contributing little or nothing to that strength. It is 
contributing to gas formation and may be harmful all 
out of proportion to the amount present. This material 
will be the first to form gas and thereby greatly affects 
the rate of gas evolution at the most critical time. 
Rosin in excess of the amount that will join in a poly- 
mer may also be detected as it is totally soluble. The 
test may be made on any portion of a core. Thus, por- 
tions taken at various depths in a core will show the 
true extent of baking. “Scoop out” tests rely on strength 
and are misleading when the core sand mix contains 
cereal or clay. These materials give strength on partial 
evaporation of the water and mask the state of baking 
of the oil. 

The abrupt change in solubility occurred about the 
time that thermocouple studies had shown water re- 
moval to be completed and the whole core to rise to 
temperature. This suggested that the polymerization 
was essentially an instantaneous process at the tem- 
perature employed (400 to 450 F). A simple study was 
made to see just how fast polymerization could be 
attained. 





Fig. 10 — Soxlet and distillation apparatus as mounted for use 
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Quick Baking Cores 

All the previous discussion has shown that the rate 
of polymerization is dependent on removal of moisture 
and other by-product gas, and on oxygen supply and 
temperature. This is a formidable array of variables 
until it is remembered that many cores are blown and 
that blowing with hot air would accomplish all of the 
above in one operation. The difficulty lies in getting 
an even flow of air through the core. 

Having no hot air under pressure in the laboratory, 
an arrangement was made to draw air from a core oven 
through the core, using a used vacuum cleaner motor. 
Core sand was packed by hand over a fine mesh screen. 
The arrangement is shown in Fig. 13. 
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It was found that as soon as the core reached 450 F 
under these conditions it was baked. The set-up pre- 
vented baking in less than 60 to 90 seconds as that was 
the shortest time in which that temperature could be 
attained. It was definitely proved that oil sand bonds 
can be cured in a very short time. 


Summary 

Reactions during baking of cores bonded with dry- 
ing oils may be summarized as: 

1. Induction period: peroxides form and decompose 
but reaction rates are very low. The length of the in- 
duction period decreases logarithmically as the tem- 
perature increases becoming negligible above 130 C 
(266 F). 

2. Intrapolymerization (oxypolymerization) ; oil mol- 
ecules grow by the addition of oxygen to reactive cen- 
ters. The rate of oxygen gain exceeds the rate of loss 
and the total oxygen content increases. This stage pre- 
dominates in the temperature range of 84 to 130 C 
(183-266 F) . 

3. Interpolymerization; formation of cross-linked 
(three-dimensional) polymers. Total oxygen content 
decreases. Carbon-to-carbon polymerization occurs. 
This stage begins above 130 C (266 F) , becomes domi- 
nant above 200 C (392 F) and is the final bond in most 
baked cores. 
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Fig. 12 — Colorimetric estimate of soluble material (gm mate- 
rial/100 gm core in 10 cc acetone) 


The concentration of oxygen and of the by-products 
of the drying reaction affect each stage of drying (or 
baking) . This is particularly true of moisture. 

The source of drying oils (linseed, soybean, corn, 
etc.) does not affect the rate of drying as long as the 
same proportion of linolenic, linoleic, and oleic acids 
is maintained. 

Colorimetric comparison of material removed by 
acetone extraction allows a rapid check on the degree 
of polymerization at any point in a core. The check is 
not affected by the presence of cereals or clay in the 
mix. 

The application of a practice embodying all theo- 
retical features allows the baking of linseed oil core 
sands in a very short time. 


GLOSSARY OF TERMS 

Because the language of the organic chemist is not com- 
mon in the Foundry Industry, it seems best to define a few 
of these terms as they are used in this paper. These defini- 
tions are not rigorous and are, at best, meant only to convey 
some appreciation of the meaning of the terms: rigorous 
definitions would necessarily contain words as strange to 
non-chemists as the terms defined. 

Drying oils are composed chiefly of three fatty acids; 
oleic, linoleic and linolenic. In general oils are classified as 
drying or semi-drying according to the amount of linoleic 
and linolenic acids they contain. The combined percentage 
should exceed 55-60 per cent. For further division let us 
quote Bolley,1® who found the following classifications use- 
ful, with a few additional explanations from the dictionary.?° 

“A raw drying oil is one obtained from the seed or nuts 
directly by hydraulic pressing, expelling, or solvent extrac- 
tion. It has had no additional treatment except possibly a 
storage period to allow suspended material to settle out. The 
soybean and edible oil industry quite often refer to those 
so-called raw oils as crude oils. 

“To explain the next classes, it would be best to consider 
the composition of an oil. Roughly, it is made up of minor 
components and triglycorides. The triglycorides consist of 
materials having points of unsaturation and ester groups. 

An unsaturated compound is a compound having a 
double bond in its formulae. To preserve the valence of 
four for carbon, it is sometimes necessary to assume that a 
carbon atom can unite with another carbon atom by means 
of. two valency bonds, e. g. ethylene, CoH4. The bond be- 
tween the carbon atoms, equivalent to two single bonds, is 
called a double bond. 

H H 
\ 4 
c—C 
z \ 
H H 

Esters are organic compounds formed by the union of an 
acid and an alcohol with the elimination of water, They are 
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volatile liquids or low melting point solids and are usually 
insoluble in water but soluble in alcohol or ether. 

Glycerol, or glycerine, (Cg;HgO3) is normally obtained as 
a colorless, odorless, viscous liquid with a very sweet taste. It 
mixes with water or alcohol and is slightly soluble in ether. 
It absorbs up to 50 per cent of its own weight in water. It 
occurs in combination with various fatty acids in all animal 
and vegetable fats and oils. 

Glycerides are esters of glycerine. They are classified as 
mono, di, or tri glycerides according to the number of acid 
radicals combined with the three hydroxyl (-OH) groups. 

“A refined oil then may be considered one in which the 
minor components have been partially removed or modified. 
This includes alkali treatment to remove free (saturated) 
fatty acids, bleaching to remove coloring matter and other 
materials, refrigeration to remove waxes, and acid treatment 
to remove mucilaginous materials. 

“A modified drying oil is one in which the double bonds 
of the triglyceride are affected. This would include (the 
processes of) heat bodying, blowing. . . . 

Heat bodying is the heating of a drying oil, in bulk, 
under a relatively inert atmosphere (to prevent oxidation) 
and sometimes reduced pressure. Either the flow of the gas 
or the partial vacuum serve to remove the by-products of 
the polymerization reaction that occurs. This polymerization 
increases the viscosity of the oil, gives it “body,” hence the 
name heat bodying. 

Blown oils are prepared by heating, in bulk, and simul- 
taneously agitating the oil with some stirring device while 
under an oxygen-containing atmosphere (usually air). In 
this case the oil does pick . oxygen and again the flow of 
the air serves to remove the decomposition products. 

“A synthetic fatty drying oil may be thought of as one in 
which the ester grouping has been altered. . . The source of 
a synthetic, non-fatty drying oil is derived from substances 
other than fats. These may be synthetic unsaturated mate- 
rials, modified petroleum products (mineral polymers) etc. 

“A copolymerized drying oil, as used in this (Bolley’s) 
discussion, is considered one in which polymerizable unsat- 





Fig. 13 — Quick baked core 
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urated materials are added to fatty materials and the whole 
interpolymerized, usually using heat.” (In core oils mineral 
polymers are added to drying oils.) 

Polymerization is an organic reaction in which a complex 
molecule of high molecular weight is produced from many 
simple molecules. It has been found that two distinct types 
of polymerization can occur. Addition polymerization may 
be defined as the uniting of molecules to give a product that 
is an exact multiple of the original molecule. Condensation 
polymerization takes place by the chemical bonding of two 
or more molecules with the loss of a small molecule such as 
water, ammonia, or formaldehyde. Most of the water must 
be removed before the formation of the final plastic article, 
and the methods by which it is removed must be considered 
from the time the reaction starts until the final product is 
formed. 

Polymerization may occur as intramolecular or inter- 
molecular: 

Intramolecular polymerization involves the growth in the 
average size of the individual molecules, say by the addition 
of oxygen. 

Intermolecular polymerization is the joining of the mol- 
ecules themselves. This eventually leads to the formation of 
a polymer chain or network. The point where a drying oil 
becomes a psuedo-solid but easily deformable mass or jelly is 
called the gel point. The term copolymerization is used 
when two or more polymerizable substances unite forming 
a common network. 

Other terms used include: 

Functionality is a numerical value in synthetic resin 
chemistry which corresponds with the potential reactivity of 
a monomer under specific circumstances. 

Peroxides are oxides, the molecules of which contain 
linked pairs of oxygen atoms (-0-0-): they give hydrogen 
peroxide on treatment with dilute acids. 

Carboxyl group is the name given to the COOH group in 
organic compounds. 


Oo—C 
\ 
H 
Of the various chemical tests applied to drying oils the most 
common are given: 

The acid value of a fat is the number of milligrams of 
otassium hydroxide required to neutralize one gram of the 
at, using | ay eine as an indicator. It is therefore a 

measure of the degree of hydrolysis of the fat. 

The Saponification value of a fat is the number of milli- 
grams of potassium hydroxide neutralized during saponifica- 
tion (making soap) of the fat. It is the measure of the mean 
molecular weight of the fatty acids in the fat molecule. 

The Iodine value of a fat is measured by the amount of 
iodine that it will absorb. Saturated fatty acids absorb no 
iodine; the iodine value is, therefore, a measure of the num- 
ber of unsaturated bonds per unit weight of the oil. 

The Thiocyanogen number is the number of milligrams 
of thiocyanogen (SCN) 2 which will add on to one gram of 
a fat or a mixture of fatty acids. Only one double bond of 
linoleic acid reacts with thiocyanogen. This, together with 
the Iodine value, enables one to calculate the amount of 
linoleic acid present. For a time-saving method of doing this 
and similar calculations, see reference (21). 

Because resin and resins are used in drying oil mixtures 
(or as a binder themselves) the following are included: 

A resin is an organic or silica-organic material character- 
ized by high (average) molecular weight, usually by varia- 
tion in the weights of the molecules which comprise it and 
by its gummy or tacky consistency at certain temperatures. 

Natural resins occur in fossil form (congo copal and 
bitumin), as vegetable products (rosin) and are derived 
from insects (shellac) . 

Rosin, or colophony, is the residue left after removing the 
volatile oils from crude oil of turpentine by steam distilla- 
tion. It is composed mainly of abietic acid. It is a very brittle 
solid that breaks with a glassy fracture and is insoluble in 
water. 

Rosin ester — Rosin is esterified, usually with glycerin, to 
give a product known as a rosin-ester, or ester-gum, of acid 
value usually five to ten. Improved rosin esters are obtained 
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by incorporating special phenolic resins during the esterifica- 
tion processes. 

Though seldom mentioned in this thesis the synthetic 
resins are becoming of increasing importance as a core bond 
and some mention should be made of them. 

Synthetic resins may be prepared from phenols and alde- 
hydes, amino materials and aldehydes, and from certain 
ethenoid materials by polymerization. These include alkyd 
resins which are synthetic resins produced by the condensa- 
tion of polybasic acids (or their derivatives) with polyhydric 
alcohols. The resins are thermosetting or thermoplastic ac- 
cording to the functionality of the ingredients. Alkyd resins 
are used to a small extent for special purpose molding pow- 
ders where high wetting power and good heat resistance are 
required in the binder. ‘They are more widely used in sur- 
face coatings; the inclusion of drying oil fatty acids among 
the polybasic acid constituents renders the resins drying oil 
soluble. They are used in this form as paint and varnish 
resins. 

Ethenoid plastics are high molecular weight, usually 
resinous bodies, obtained by the polymerization of mono- 
— containing one or two reactive ethnoid linkage (CHo- 

HX). 

Resitol is the intermediate stage of a phenol-formaldehyde 
resin in which it softens to a gel on heating but does not 
flow freely and is swelled by some solvents, but is not dis- 
solved. 

Resit is the final insoluble, infusible, cured phenol-for- 
maldehyde resin. 


Bibliography 


1. Hess, P. S. and O'Hare, G. A.: “Oxidation of Linseed Oil — 
Temperature Effects,” Ind. and Eng. Chem., no. 7, 42, 1424-1431. 

2. Powers, P. O.: “Mechanism of the Oxidation of Drying 
Oils,” Ind. and Eng. Chem.., no. 2, 41, 305. 

3. Steel Castings Institute of Canada: “Baked Tensile Tests fou 
Nineteen Commercial Core Oils,” Steel Foundry Facts, no. 106, 
October 1950. 

4. Slansky, P.: “The Influence of Gaseous Oxygen Concentra- 
tion and Film Thickness on the Drying of Linseed Oil,” Journal 
of the Oil and Color Chemists Assoc., no. 355, 161-176, May 1948. 

5. Grott, G. J.: “Quality Control Tests for Oil Sand Cores,” 
Bachelor of Science Thesis, Mass. Inst. of Tech., 12 (1949) . 

6. Op cit., Figure 2. 

7. Privett, O. S., McFarlane, W. D. and Goss, J. H.: “Studies on 
the Heat Polymerization and Solvent Segregation of Vegetable 
Oils,” Journal of Amer. Oil Chemists Soc., 24, 204-9 (1947) . 

8. Hazelhurst, E.: “Varnish Oil Developments by Electric Test- 
ing Methods,” Paint Manufacturing, 13, 302-4 (1943): Chem. 
Abs. 6838-39-40 (1946) . 

9. Chemical Abstracts 6838-39-40 (1948) . 

10. Richardson, B.: “Core Oil Evaluation,” Steel Foundry Facts, 
no. 126, October 1952. 

11. Anderson, L. V. and Porter, J. V.: “Relation of Glyceride 
Oil Composition to Polymerization,” Ind. and Eng. Chem., no. 4, 
41, 741-9. 

12. Bradley, T. F. and Tess, R. W.: “Thermal Polymerization 
of Esters of Drying Oil Acids,” Ind. and Eng. Chem., no. 2, 41, 
310-19. 

13. Elm, A. C.: “Deterioration of Dried Oil Films,” Ind. and 
Eng. Chem., no. 2, 41, 319-24. 

14. Chemical Abstracts 27418 (1942) . 

15. Bawn, C. E. H.: Chemistry of High Polymers, Interscience 
Publishers, Inc., New York (1948) . 

16. Hohn, F. X.: Research Report No. 7, Steel Foundry Facts, 
no. 95, October 1949. 

17. Research Report No. 7: “The Comparison of Properties of 
Core Oils and Binders and the Development of Acceptance 
Tests,” Steel Founders’ Society of America, Cleveland, Ohio. 

18. Carr and Harris: “Solutions for Maintaining Constant 
Relative Humidity,” Ind. and Eng. Chem., no. 8, 41 (1949) . 

19. Bolley, D. S.: “Synthetic Drying Oils,” Ind. and Eng. Chem., 
no. 2, 41 (1949). 

20. CA 38 65785 (1944). 

21. Hussain and Dollear: “Nomographs for Calculating the 
Fatty Acid Composition of Oils and Fats from Iodine and Thio- 
cyanogen Values,” Journal of American Oil Chemists Soc., 27, 
206, June 1950. 





in 
m 


m 
W 
bi 
m 


Va 


wr 


the 








FEEDING OF CASTINGS 


By 


Thornton C. Bunch* and George E. Dalbey** 


ABSTRACT 
Low density areas tend to occur adjacent to risers on 
simple plate castings. Insulation of risers reduces this 
defect. 


Introduction 


The questions often asked are, “How many risers? 
How far apart? What size risers?” Only in the last 
few years have careful investigators succeeded in ob- 
taining enough data to permit a scientific approach 
to these questions. Their work indicates that the 
problem is rather complicated and will require con- 
siderable thought and research to obtain the desired 
information. 

It has been reported that test bars taken from 
castings adjacent to the risers often had lower me- 
chanical properties and densities than test bars taken 
further away from the risers. 

For the purpose of riser analysis most castings can 
be divided into simple plate and wedged sections, 
with risers assigned to each section. The experimental 
series presented in this paper is expected to be of in- 
terest, but is not intended to be an exhaustive exam- 
ination of the feeding characteristic of nonferrous 
metal risers. 


Experimental Procedure 


To determine the mechanical properties of the 
metal a horizontal 54-in. Web-Webbert tensile bar 
was poured with each heat of valve metal (M) 
bronze, and a keel block test bar was poured with the 
manganese bronze heat. 

To determine the soundness of similar valve metal 
(M) castings under different risering conditions, three 
plates 16x 614x114 in. were cast simultaneously in 
the same mold through a common sprue: Plate no. | 
without riser; plate no. 2 with a 4-in. diameter riser 
surrounded by molding sand; plate no. 3 with a 4-in. 
diameter riser surrounded by an insulating sleeve. 
The tops of the risers were covered with diatomaceous 
earth. All the plates and risers had an alumel-chromel 
thermocouple placed in the approximate center (cast- 
ings D-136, Fig. 1 and Table 1). 
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To determine if soundness is affected by wedging, 
similar valve metal (M) castings under different 
risering conditions were cast. Three wedges 16x 614 
x 244,x 1% in. were cast simultaneously in the same 
mold through a common sprue: Wedge no. | with- 
out riser; wedge no. 2 with a 4-in. diameter riser 
surrounded by molding sand; wedge no. 3 with a 
4-in. riser surrounded by an insulated sleeve. The 
tops of the risers were covered with diatomaceous 





Fig. 1 — Valve metal (M) plate castings D-136, showing type 
of gating and risering and the location of the thermocouples. 


earth. The thermocouple type and location was the 
same as in castings D-136, castings D-163, Fig. 9 and 
Table 1. 

To determine the soundness of similar manganese 
bronze castings under different risering conditions, 
three plates 16x 614x114 in. were cast simultane- 
ously in the same mold through a common sprue. An 
inverted horngate was used between the sprue and the 
junction of the runners: Plate no. 1 without riser; 
plate no. 2 with a 4-in. diameter riser surrounded by 
molding sand; plate no. 3 with a 4-in. diameter riser 
surrounded by an insulated sleeve. The tops of the 
risers were covered with diatomaceous earth. The 
thermocouple type and location was the same as in 
castings D-136, castings D-161, Fig. 15 and Table 1. 

To determine the properties and the uniformity of 
the plate and wedge castings over-all x-rays were 
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made and sections were taken from the castings, the 
locations of which are shown in Fig. 2. The x-ray 
sections were machined to 14-in. thick and the radio- 
graphs were made with 140 KV x-rays. The test bars 
were the standard 0.505-in. bars. The fracture bars 
were fractured at approximately the center. 

To determine the relative solidification rate of the 
castings and risers, alumel-chromel thermocouples 
were placed in the centers of the castings and risers. 
The thermocouples were connected through a quick- 
throw switch to a portable high-resistance galvanom- 
eter which has a range of 0 to 2500 F with divisions 
of 20°. The hot ends of the thermocouples were 
coated with well dried silica wash. A temperature 
reading could be taken in 5 sec (Table 2). 

The molds were made in synthetic sand and poured 
green, moisture 3.5 to 4.0 per cent, permeability 80 
to 90, compressive strength 6.5 to 7.5 psi. 

Fracture: Valve Metal (M) Plates D-136, Fig. 6 

D-136-1, Plate Without Riser 

1-A, Fracture 6 in. from ingate. The fracture was 
spongy, with color ranging from dark brown to 
light gray. Many spongy dendritic facets. 

1-B, Fracture 10 in. from ingate. The fracture was 
spongy, with color ranging from dark brown to 
light gray. Many spongy dendritic facets. 

1-C, Fracture 14 in. from ingate. The fracture was 
slightly spongy, with color range from golden to a 
light gray. Some spongy dendritic facets. 


D-136-2, Plate With Sand Surrounded Riser 

2-A, Fracture 2 in. from riser. The fracture was 
spongy, with color from golden to light gray. Sev- 
eral spongy dendritic facets. 
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Tasie 1 — Test REsuLTs — MECHANICAL PROPERTIES 
AND CHEMICAL COMPOSITION 








Elonga- 
Yield Tensile tion 
Strength, Strength, % in 
Designation psi psi 2 in. 
Valve Metal (M) Plates D-136 
(Cu, 87.37; Sn, 650; Zn, 4.07; Pb, 1.57; Ni, 0.49; Fe, tr) 
Web-Webbert Test Bar D-136 20000 41000 29.5 
Casting Test Bar D-136-1-A 17500 19500 7.5 
Casting Test Bar D-136-1-B 17500 18000 5.5 
Casting Test Bar D-136-1-C 17500 25500 13.5 
Casting Test Bar D-136-2-A 18000 29500 15.0 
Casting Test Bar D-136-2-B 17500 27000 16.0 
Casting Test Bar D-136-2-C 17500 29000 18.0 
Casting Test Bar D-136-3-A 17500 31500 25.0 
Casting Test Bar D-136-3-B 17500 28000 16.0 
Casting Test Bar D-136-3-C 17500 $2500 20.5 


Valve Metal (M) Wedges D-163 
(Cu, 89.10; Sn, 6.63; Zn, 2.26; Pb, 1.14; Ni, 0.87; Fe, nil) 


Web-Webbert Test Bar D-163 | 20000 44000 40.0 
Casting Test Bar D-163-1-A 17000 32500 25.0 
Casting Test Bar D-163-1-B 17500 35500 33.0 
Casting Test Bar D-163-1-C 17500 33500 29.5 
Casting Test Bar D-163-2-A 17500 30000 18.5 
Casting Test Bar D-163-2-B 17500 35000 31.5 
Casting Test Bar D-163-2-C 17500 36500 36.0 
Casting Test Bar D-163-3-A 17500 33000 28.5 
Casting Test Bar D-163-3-B 17500 36000 36.0 
Casting Test Bar D-163-3-C 17500 36000 42.5 


Manganese Bronze Plates D-161 
(Cu, 62.99; Sn, 0.65; Zn, 34.39; Pb, nil; Ni, tr; Al, 0.60; Fe, 0.89; 


Mn, 0.48) 

Keelblock Bar D-161 30000 59500 54.5 
Casting Test Bar D-161-1-A 20000 24000 6.0 
Casting Test Bar D-161-1-B 22500 51000 22.0 
Casting Test Bar D-161-1-C 22500 58000 48.0 
Casting Test Bar D-161-2-A 21500 29500 6.5 
Casting Test Bar D-161-2-B 23000 49500 20.5 
Casting Test Bar D-161-2-C 23000 54000 28.0 
Casting Test Bar D-161-3-A 22500 59500 50.5 
Casting Test Bar D-161-3-B 23000 59000 52.0 
Casting Test Bar D-161-3-C 23000 58500 53.0 





2-B, Fracture 6 in. from riser. The fracture was 
slightly spongy, with color from golden to light 
gray. Several spongy dendritic facets. 

2-C, Fracture 10 in. from riser. The fracture was very 
slightly spongy, with color from blue to light gray. 
Some spongy dendritic facets. 


D-136-3, Plate With Insulated Riser 


3-A, Fracture 2 in. from riser. The fracture was 
spongy, with color from golden to light gray. Many 
spongy dendritic facets. 

3-B, Fracture 6 in. from the riser. The fracture was 
spongy, with color from golden to light gray. Many 
spongy dendritic facets. 

3-C, Fracture 10 in. from riser. The fracture was very 
slightly spongy, with color from blue to light gray. 
Many spongy dendritic facets. 


Radiographs: Valve Metal (M) 


D-136-1. The over-all radiograph of a plate casting 
having no riser. The area at the far end of the 
casting is slightly mottled and dense. The density 
gradually decreases as the gate is approached. The 
low density areas have a dispersed cloudy appear- 
ance. 

D-136-1-A, Fig. 3. A radiograph through a \4-in. 
thick cross section 6 in. from the ingate. 
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TABLE 2 — SOLIDIFICATION TIMES OF CASTINGS AND RIsERS* 











Start Finish Lapsed Riser Start Finish Lapsed Total** 
Number of Sol. of Sol. Time Type of Sol. ~ of Sol. Time Time 
Valve Metal (M) Plates (Fig. 8) Valve Metal (M) Risers (Fig. 7) 
D-136-1 00:30 02:20 01:50 None - - -~ - 
D-136-2 00:40 02:40 02:09 Sand 00:45 05:50 05:05 05:10 
D-136-3 00:45 05:20 04:35 Insul- 01:45 14:00 14:00 14:00 
ated 
Valve Metal (M) Wedges (Fig. 13) Valve Metal Risers (Fig. 14) 
D-163-1 00:20 14:00 13:40 None = - — - 
D-163-2 00:30 17:00 16:30 Sand 09:00 23:00 14:00 22:30 
D-163-3 01:30 20:00 18:30 Insul- 13:30 28:00 14:30 26:30 
ated 
Manganese Bronze Plates (Fig. 19) Manganese Bronze Risers (Fig. 20) 
D-161-1 02:00 03:00 01:00 None _ - _ ~ 
D-161-2 02:00 03:30 01:30 Sand 01:30 06:30 05:00 04:30 
D-161-3 02:00 04:00 02:00 Insul- 12:30 16:30 04:00 14:30 
ated 


*Expressed in minutes and seconds. 
**From time casting starts to solidify to time riser freezes. 





The cope surface is markedly concaved. 

There is a rim, of dense fine grains around the sec- 
tion, which encloses a columnar grained area. The 
central area is composed largely of low density 
equiaxed grains, with a center line of higher density. 

D-136-1-B, Fig. 3. A radiograph through a l4-in. 
thick cross section 10 in. from the ingate. 

The cope surface is slightly concaved. 

There is a rim of dense fine grains around the sec- 
tion, which encloses a columnar grained area. The 
central area is composed largely of low density 
equiaxed grains, with a center line of higher den- 
sity (Fig. 3). 

D-136-1-C, Fig. 3. A radiograph through a 1l4-in. 

thick cross section 14 in. from the ingate. 

The cope surface is very slightly concaved. 

There is a rim of dense fine grains around the sec- 
tion which encloses a columnar grained area, which 
occupies the larger part of the central area. There 
are a few low density equiaxed grains in this area 
with a center line of higher density. 

D-136-2. The over-all radiograph of a plate casting 
having a riser surrounded by the same sand as the 
casting. The area at the far end of the casting is 
slightly mottled and dense. The density gradually 
decreases as the riser is approached. The low- 
density areas have a dispersed cloudy appearance 
with small very low density areas scattered through- 
out. 

D-136-2-A, Fig. 4. A radiograph through a l4-in. 
thick cross section 2 in. from the riser. 

The cope surface is very slightly concaved. 

There is a rim of dense fine grains around the sec- 
tion, which encloses a columnar grained area. The 
columnar grains meet forming a center line of 
higher density in which there are several large and 
small low-density areas. 

D-136-2-B, Fig. 4. A radiograph through a -in. 
thick cross section 6 in. from the riser. 

The cope surface is slightly concaved. 

There is a rim of dense fine grains around the sec- 
tion, which encloses a columnar grained area. The 
columnar grains meet forming a center line of high 
density with a few small low-density areas. 
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Fig. 3 — Radiographic sections from plate casting D-136-1. 





Fig. 4— Radiographic sections from plate casting D-136-2. 
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Fig. 5 — Radiographic sections from plate casting D-136-3. 


D-136-2-C, Fig. 4. A radiograph through a 1]4-in. 
thick cross section 10 in. from the riser. 
The cope surface is not concaved. 
There is a rim of dense fine grains around the sec- 
tion, which encloses a columnar grained area. The 
columnar grains meet forming a center line of 
higher density in which there is little if any evidence 
of low-density areas. 

D-136-3. The over-all radiograph of a plate casting 





Fig. 6 — Fractures from plate castings D-136. 
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having a riser surrounded by a perlite insulating 
sleeve. The area at the far end of the casting is 
slightly mottled and dense. The density gradually 
decreases as the riser is approached. The low den- 
sity areas have a dispersed cloudy appearance, with 
small very low density areas scattered throughout. 


D-136-3-A, Fig. 5. A radiograph through a \-in. 


thick cross section 2 in. from the riser. 

The cope surface is not concaved. 

There is a rim of dense fine grains around the sec- 
tion, which encloses a columnar grained area. The 
columnar grains meet forming some center line of 
higher density in which there are several small 
low-density areas. 


D-136-3-B, Fig. 5. A radiograph through a 1,-in. 


TEMPERATURE, F 


thick cross section 6 in. from the riser. 
The cope surface is not concaved. 
There is a rim of dense fine grains around the sec- 
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Fig. 7 — (Bottom) Graph showing solidification time of valve 
metal (M) insulated and uninsulated risers on plate castings 
D-136. Pouring temp., 2100 F. L = liquidus, 1830 F; S= 


solidus, 1590 F. 


Fig. 8—(Top) Graph showing solidification time of valve 
metal (M) plate castings D-136, under different risering 


conditions. 


tion, which encloses a columnar grained area. The 
columnar grains meet forming some center line of 
higher density in which there are a few small low- 
density areas. 


D-136-3-C, Fig. 5. A radiograph through a 1,-in. 


thick cross section 10-in. from the riser. 

The cope surface is not concaved. 

There is a rim of dense fine grains around the sec- 
tion, which encloses a columnar grained area. The 
columnar grains meet forming a center line of 
higher density in which there is little if any evidence 
of low-density areas. 


D-136-1. The over-all radiograph of a wedge casting 


having no risers. The area at the far end is dense 
and is slightly mottled. The density gradually de- 
creases as the ingate is approached. This lower 
density area has a dispersed cloudy appearance with 
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small areas of lower density areas scattered through- 
out. 

D-163-1-A, Fig. 10. A radiograph through a 1,-in. 
thick cross section 6 in. from the ingate. There is 
a rim of fine dense grains enclosing a columnar 
grained area, which contains considerable gross por- 
osity especially in the upper half. 
There is a center line of higher density. 

D-163-1-B, Fig. 10. A radiograph through a l4-in. 
thick cross section 10 in. from the ingate. There is 
a rim of fine dense grains enclosing a columnar 
grained area, which contains considerable dispersed 
porosity, especially in the upper half. There is a 
center line of higher density containing some gross 
porosity. 

D-163-1-C, Fig. 10. A radiograph through a ],-in. 
thick cross section 14 in. from the ingate. There is 
a rim of fine dense grains enclosing a columnar 
grained area, which contains a small amount of 
dispersed porosity. 

D-163-2. The over-all radiograph of a wedge casting 





Fig. 9 — Valve metal (M) wedge castings D-163 showing shape 
of castings, risering, gating and location of thermocouples. 
having a sand surrounded riser. The area at the 
far end is dense and slightly mottled. The density 
slightly decreases on approaching the riser. The 
lower density area has a cloudy appearance with 
very small low-density areas scattered throughout. 
D-163-2-A, Fig. 11. A radiograph through a 1%-in. 
thick cross section 2 in. from the riser. There is a 
rim of fine grains enclosing a columnar grained 
area which contains some gross porosity, especially 
in the upper half. There is a center line of higher 
density containing some small gross porosity. 
D-163-2-B, Fig. 11. A radiograph through a 1,-in. 
thick cross section 6 in. from the riser. There is a 
rim of fine dense grains surrounding a columnar 
grained area, which contains considerable porosity, 
especially in the upper half. There is a center line 
of higher density containing some gross porosity. 
D-163-2-C, Fig. 11. A radiograph through a 1,-in. 
thick cross section 10 in. from the riser. There is a 
rim of fine grains enclosing a columnar grained 
area, which has a center line of higher density. 
D-163-3. The over-all radiograph of a wedge casting 
having an insulated riser. The area at the far end is 
dense and slightly mottled. The density slightly 
decreases on approaching the riser. The lower den- 
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Fig. 10 — Radiographic sections from wedge casting D-163-1. 


sity area has a cloudy appearance, with very small 
low density areas scattered throughout. 

D-163-3-A, Fig. 12. A radiograph through a l4-in. 
thick cross section 2 in. from the riser. There is a 
rim of fine dense grains enclosing a columnar 
grained area, which contains considerable dispersed 
porosity especially in the upper half. There is a 
center line of higher density containing some gross 
porosity. 

D-163-3-B, Fig. 12. A radiograph through a 1-in. 
cross section 6 in. from the riser. There is a rim of 
fine dense grains enclosing a columnar grained 
area which contains considerable dispersed por- 
osity and some fine gross porosity, especially in the 
upper half. There is a center line of higher density 
containing some gross porosity. 

D-163-3-C, Fig. 12. A radiograph through a 14-in. 
cross section 10 in. from the riser. There is a rim of 
fine dense grains enclosing a columnar grained 
area, which has a center line of higher density. 





Fig. 11 — Radiographic sections from wedge casting D-163-2. 
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Radiographs: Manganese Bronze 

D-161-1. The over-all radiograph of a plate casting 
having no riser. The area at the far end is dense. 
The density decreases as the ingate is approached, 
with some large low-density areas in center of plate 
adjacent to the ingate. 

D-163-1-A, Fig. 16. A radiograph through a ]4-in. 
thick cross section 6 in. from ingate. The section is 
of uniform density except for the gross porosity in 
center and on cope surface. The cope surface is 
markedly concaved. 

D-161-1-B, Fig. 16. A radiograph through a 14-in. 
thick cross section 10 in. from ingate. The section 
is of uniform density except for the gross porosity 
in center. The cope surface is markedly concaved. 

D-163-1-C, Fig. 16. A radiograph through a l4-in. 


c 





Fig. 12 — Radiographic sections from wedge castings D-163-3. 


thick cross section 14 in. from the ingate. The sec- 
tion is of uniform density. 

1-161-2. The over-all radiograph of a plate casting, 
having a sand surrounded riser. The density de- 
creases as the riser is approached, with some large 
low-density areas in center of plate adjacent to 
riser. 

D-163-2-A, Fig. 17. A radiograph through a \4-in. 
cross section 2 in. from riser. This section is of uni- 
form density except that the cope surface has a 
large area of gross low density. There are some small 
low-density areas scattered through the center of 
plate. The cope surface is slightly concaved. 

D-163-2-B, Fig. 17. A radiograph through a 1-in. 
cross section 6 in. from the riser. This section is of 
uniform density except for gross low density in the 
center. The cope surface is very slightly concaved. 

D-163-2-C, Fig. 17. A radiograph through a 14-in. 
cross section 10 in. from riser. The section is of uni- 
form density. 

D-161-3. The over-all radiograph of a plate casting, 
having an insulated riser. The density decreases as 
the riser is approached, with some low-density areas 
in center of plate adjacent to riser. 

D-161-3-A, Fig. 18. A radiograph through a 1,-in. 
cross section 2 in. from the riser. This section is of 
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Fig. 13 —(Top) Graph showing solidification time of valve 
metal (M) insulated and uninsulated risers on wedge castings 
D-163. Pouring temp., 2140 F. L = liquidus, 1830 F; S= 
solidus, 1590 F. 
Fig. 14— (Bottom) Graph showing solidification time of 
valve metal (M) wedge castings D-163 under different risering 
conditions. 


uniform density, except the cope has some gross 
low-density areas. } here are some small low-density 
areas scattered through center of plate. 

D-161-3-B, Fig. 18. A radiograph through a 1,-in. 
cross section 6 in. from the riser. This section is of 
uniform density except for some gross porosity in 
center of plate. 

D-161-3-C, Fig. 18. A radiograph through a ]4-in. 
cross section 10 in. from the riser. This section is of 
uniform density throughout. 


Discussion of Test Results 

The insulation of risers materially increases the 
time interval in which there is liquid metal available 
to compensate for the decreased volume of metal in 
the plate and wedge castings during solidification. The 
sand surrounded risers had a sufficient time interval 
for liquid metal to feed the castings, and the insulated 
risers even more. Examination of the radiographs of 
the plate and wedge castings discloses unsoundness, 
which would not be expected to be present if the 
availability of liquid metal in the risers were the only 
requirement. It is a generally accepted pronounce- 





Fig. 15— Manganese bronze plate castings D-161 showing 
type of gating and risering and the location of the thermo- 
couples. 
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ment that directional and progressive soliditication in 
conjunction with sufficient liquid metal is a prime 
requisite. 

If the temperature in all parts of the casting and 
riser were equal, the relative cooling rate (cooling 
factor) in the riser and different parts of the casting 
would be indicative of the direction of solidification. 
The section with the smallest cooling factor (CF) 
will cool the fastest. The rate at which a metal cools 
will be proportional to the area and inversely pro- 
portional to the volume of the metal. The cooling 
factor (ce = + = Nature) should be a rough in- 
dicator of the time required by the risers and different 
parts of the castings to solidify. The parts should 
solidify in the order of their cooling factors. The 
riser should always have a cooling factor larger than 
any part of the casting. The cooling factors of the 
casting should be progressively larger as the riser is 
approached. 

The cooling factors of the riser and the plate 
D-136-2. A l-in. thick cross section of the riser was 

Vv 12.5_ 16 


used as the basis for the riser’s CF =——- = —=>= 
A 12.5 


For the plate a I-in. cross section from center of plate 
was used. 





Fig. 16 — Radiographic sections from plate casting D-161-1. 





Fig. 17 — Radiographic sections from plate casting D-161-2. 


V 34 
CF rey = wea 0.48 

The plate would be expected to solidify in about 48 
per cent of the time required for the riser. The actual 
solidifying time of plate was 39 per cent of the riser 
time. 

The cooling factors of the riser and the wedge 
D-163-2. A l-in. thick cross section of the riser was 
V 12.5 


es ae 
For the wedge a l-in. cross section from center of 
wedge was used. 
— 10.5 _ 
CF = y= 62 = 0.65 
The wedge would be expected to solidify in about 65 
per cent of the time required for the riser. The actual 
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Fig. 18 — Radiographic sections from plate casting D-161-3. 


solidifying time of the wedge was 73 per cent of the 
riser time. 

An examination of the cooling curves of the risers 
and the castings indicates there was sufficient molten 
metal in the risers to feed the castings at the time of 
solidification. 

An examination of the radiographic sections of the 
castings shows shrinkage porosity, which was probably 
due to lack of directional solidification. It is possible 
that the way metal distributes itself in the mold will 
have considerable bearing upon the solidification pat- 
tern. Metal entering the mold will flow in a straight 
line until some force or an obstruction overcomes the 
inertia, and deflects the stream. The entering metal 
will penetrate some distance into the metal bath and 
the hotter metal will be found deeper in the bath with 
the cooler metal being forced closer to the riser and 
ingate (Fig. 21). 

The fractures show a decrease in soundness as the 
risers are approached. The mechanical properties of 
the castings decrease on approaching the risers. The 
separately cast test bars indicate that the metal is of 
satisfactory quality.4 Thickening of the plate casting 
to form a wedge as the riser is approached helped, 
but did not entirely eliminate the porosity. Probably 
more wedging is required.3 

The wedging should increase the cooling factor 
effect.5.6.7 
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Fig. 19 —(Top) Graph showing solidification time of man- 
ganese bronze insulated and uninsulated risers on plate cast- 
ings D-i61. Pouring temp., 1800 F. L= liquidus, 1650 F; 
S = solidus, 1590 F. 
Fig. 20 — (Bottom) Graph showing solidification time of man- 
g@anese bronze plate castings D-161 under different risering 
conditions. 


In the valve metal (M) the defects have a tendency 
to locate in or near the center line of the casting. The 
manganese bronze defects in a large measure are lo- 
cated in the cope surface. 

The production of radiographically sound plate 
castings is difficult even though the riser contains suf- 
ficient liquid metal at the time of casting solidifica- 
tion. The defects increase as the riser is approached. 

The mechanical properties generally decrease as the 
riser is approached. The flow pattern of the metal 
entering the mold is probably a factor of considerable 
importance, influencing the solidification pattern. 
The concaved cope surfaces indicate an inceptive 
vacuum, and lack of liquid metal to feed the castings. 
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DISCUSSION 
Chairman: W. H. Barr, Bureau of Ships, Navy Dept., Wash- 
ington, D. C. 
Co-Chairman: A. W. BarprENn, Ohio Brass Co., Mansfield, Ohio. 
F. J. BoENEKER!: Since thermocouples are very delicate in na- 


1. Bronze Alloys Co., St. Louis, Mo. 


FEEDING OF CASTINGS 





VR INCOMING METAL 
WY = 


~ \ 





HOT METAL 


E=] COOL METAL 


SOLID METAL 
Fig. 21 — Sketch 
showing probable 
flow paths of metal 
in plate and wedge 
castings. 











\\ 


ture and apt to have variations, what precautions were taken to 


insure accurate readings? 
Is there a possibility that riser should have been larger? 


Mr. Buncu: A large number of thermocouples were tested 
in the laboratory and the thermocouples that were within 5°F 
were picked out and placed in sets to be used in the molds. 
It is presumed that this degree of accuracy was reflected in 
the tests. 

In regard to the size of riser. It is doubtful that a larger 
riser would have produced a radiographically sound casting. 
Insulating a riser produces the same effect as increasing the 
riser size. The time temperature curves show there was liquid 
metal in the risers long after the plate castings were solid. 

This radiographic unsoundness adjacent to risers has been 
noticed in other castings, for instance, in the flanges of valve 
body castings, it was rather pronounced in the cope half of 
the flange when risers were placed at the parting line. 

Use of properly sized and placed chills would probably do 
more good than increasing the riser size. 


Cuet Mack2: Was the pouring rate varied to determine opti- 
mum time for pouring? 


Mr. Buncu: The pouring rate was not varied. The castings 
were poured as fast as the sprue would take the metal and 
the sprue was choked as soon as possible. 


E. F. Trssetrs3; The properties of tensile bar specimens cut 
from the plate castings do not appear to correlate with the x-rays 
of adjacent sections. If the specimens were machined to standard 
0.505-in. diameter bars it is possible that the bar was not repre- 
sentative of the whole cross section particularly for those sections 
in which x-rays indicated porosity segregated toward the cope 
side. Were the tensile tests made on full section bars or machined 
bars? 


Mr. Buncu: Your points were well taken in regard to test 
bar results not necessarily reflecting properties indicated by the 
x-ray sections. The 0.505-in. diameter bars were machined from 
the center of the plate. When the defects were center line shrink- 
age the mechanical properties of the bar would reflect the lowest 
valve. When the defects were in the cope half the mechanical 
properties of the bar would reflect higher valves, when com- 
pared to a full cross section bar. Even a full section bar would 
have shown marked drop in mechanical properties as the riser 
was approached. 

The writers feel that the conclusions are still valid in spite 
of the exceptions you make. 





2. Chautauqua Hardware Co., Jamestown, N. Y. 
3. Wollaston Brass & Aluminum Foundry, Inc., Quincy, Mass. 
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PROGRESS REPORT 


FLUIDIZATION-INJECTION PROCESS FOR 
DESULPHURIZING AND UPGRADING CAST IRON 


By 
G. P. Dahm, H. C. Barnes, and C. E. Bieniosek* 


ABSTRACT ly results in a minimum sulphur content in the range 

Btttragen injection of quiche earhife and Se eflasts of 0.060 per cent. Undoubtedly, the use of these ma- 
on sulphur content, chill, fluidity, machinability and . 3 rae | , 

other physical properties of cast iron are discussed. terials with specialized techniques could result in 

Gaseous injection of upgrading agents and the effect much lower final sulphur levels in the molten iron, 

on physical properties of cast iron are also discussed. but the economics and practicality of those special- 


This progress report is presented to acquaint the ized techniques limit their application. 
Foundry Industry with the status of the injection In basic cupola operation, the sulphur content of 


process as applied to the desulphurization and up- the iron can be effectively reduced by adding lump 
grading of cast iron. calcium carbide to the charge. Using this practice, it 


Role of Sulphur in Iron is possible to produce iron from the cupola with a 

Sulphur has long been recognized as an impurity culpa content i the cunge “ — Ledegrae = 
in cast iron, and for many years, was considered sim- ondary benefits gained from this process include: 
ply as a necessary evil in iron production. However, carbon pickup, increased temperature and incrensed 


: : . metal melting rate. In acid cupola operation, some 
expending wsge af yo sates saperlicamneed nnd mses sulphur atadion can be me i obdidhens of 
scrap in cupola melting has shown that in many 


cases the sulphur problem can no longer be ignored calcium carbide to the charge, but not the low final 
but must be met fairly and eliminated sulphur contents realized in basic cupola operation. 
In some grades of cast iron a nominally high sul- However, the secondary benefits mentioned before 


ill tai Imost eat egree i i 
phur content can be tolerated. In many other grades de. booger patton a iF Mg ao Cpee an ae 
of iron, the detrimental effects attributed to high ~ a hall of = , = thi ‘ 
sulphur contents must be overcome. Those effects are, yi > SS ee ee ere ae 


mainly: decreased machinability, increased chill tend. duced under acid conditions, an effective means of 
ency, increased brittleness, increased susceptibility to reducing the sulphur content of acid iron had to be 


hot tearing, decreased fluidity, and in malleable iron, covelage a is wes Sound mage = marenenguen premen 
an increased susceptibility to hard anneals. of fine powdered calcium carbide into molten iron 


makes possible the production of irons with final sul- 


Methods of Removing or Neutralizing Sulphur phur contents of less than 0.010 per cent, and that 
There are several methods in use today in the the economics of this process appear attractive. The 
Foundry Industry for the removal or neutralization secondary benefits, such as carbon pickup and in- 
of sulphur in iron. The more common methods in- creased temperature, that are gained with the addi- 
clude soda ash added with the charge or to the molten tion of calcium carbide to the cupola charge are not 
metal, additions of lump calcium carbide to the basic obtained through the injection process. 
cupola charge, injection of powdered calcium carbide Certain metallic elements such as calcium and mag- 
into molten metal, and the additions of various metal- nesium and alloys of those elements are active de- 
lic elements and alloys to the iron during or following sulphurizing agents. However, the relatively high cost 
melting operations. ; of those materials prohibits their widespread use for 
The most common method of reducing sulphur this application. Manganese and manganese alloys are 
coumently in wet in oe Foundry Industry is the soda in common use for the purpose of stabilizing sulphur 
ash treatment. Certainly this practice is an effective in iron and more or less neutralizing its detrimental 
and economical method of reducing sulphur; how- effects. Here too, the economics of manganese addi- 


ever, standard practice using these materials general- tions for the stabilization of sulphur in iron are be- 


“Tapas Redes, © penny Sines Berton coming increasingly difficult to justify in the face of 
ment Laboratory, Linde Air Products Co., A Division of the development of efficient and economical process- 


Union Carbide and Carbon Corp., Newark, N. J. es for the elimination of sulphur. 
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TABLE | — DESULPHURIZATION OF IRON 
Lb Calcium Lb of Calcium 
Carbide Carbide Per 0.01% S 
Initial Final Sulphur Sulphur Added Per Removed Per Ton 

Test Carbon, % Silicon, % Sulphur, % Sulphur,%  Drop,% Removed,% TonofIron of Iron Treated 
1 3.40 1.30 0.109 0.010 0.099 91.0 23.0 2.32 
2 3.40 1.30 0.120 0.040 0.080 66.7 23.0 2.88 
3 3.28 1.97 0.120 0.041 0.079 65.8 30.0 3.80 
4 3.00 0.75 0.106 0.010 0.096 90.7 42.5 4.43 
5 3.00 0.75 0.120 0.079 0.041 34.2 16.2 3.95 
6 3.50 1.25 0.109 0.016 0.093 86.2 30.0 3.23 
7 3.00 1.00 0.090 0.025 0.065 72.3 30.0 4.62 
8 3.30 2.20 0.120 0.052 0.068 56.7 22.0 3.24 
9 2.75 — 0.145 0.074 0.071 49.0 24.5 3.46 
10 2.75 — 0.150 0.120 0.030 20.0 8.9 2.96 
ll 3.59 1.78 0.128 0.008 0.120 93.9 40.0 3.33 
12 3.46 2.42 0.121 0.008 0.113 93.5 $2.2 2.85 
13 3.48 2.36 0.108 0.019 0.089 82.4 33.3 3.74 





Calcium Carbide Injection Process 

In the calcium carbide injection process for the 
desulphurization of iron, a quantity of fine powdered 
calcium carbide (30 x 200 mesh) is entrained in a 
stream of inert gas and blown beneath the surface 
of a bath of molten iron. The carbide reacts with 
the sulphur in the iron and the flushing action of 
the carrier gas accelerates the separation of the re- 
action products so that they are trapped in the sur- 
face slag. The carbide, having a density of only about 
one-third that of the molten iron, rapidly floats to 
the surface of the bath. In order to assure maximum 
mixing of the carbide and the iron, the injection tube 
used to convey the carbide beneath the surface of the 
metal should extend to about 4 in. from the bottom 
of the bath. This distance is sufficient to provide free 
clearance for the powdered materials passing from 
the end of the tube into the bath. 

The carbide injection rate is limited by the size 
of the heat being treated and the maximum output 
of the carbide dispensing equipment. In treating 
small batches of iron, a reduced carbide feed rate 
is required to prevent excessive boiling action in the 
bath. Within the limitations prescribed by heat size, 
ladle size, and ladle freeboard, the carbide is injected 
into the molten metal as rapidly as possible to mini- 
mize treating time and temperature loss. 

Calcium carbide flow rates from the dispenser 
(Fig. 3) are governed by the gas operating pressure. 
The equipment works strictly on a pneumatic prin- 
ciple and an increase or decrease in the operating 
pressure gives a corresponding increase or decrease 
in the carbide flow rate. The immersion depth of the 
injection tube has an effect on the flow rate since 
a ferrostatic head will cause some back pressure at 
the end of the injection tube. Once the flow rate of 
carbide is established for a given operating pressure 
and injection tube immersion depth, the dispensing 
equipment is operated on a straight pressure and 
time basis, i.e., at a certain operating pressure and 
immersion depth, the dispenser delivers a set carbide 
flow for a period of time calculated to introduce a 
desired quantity of powder into the molten metal. 

Several different types of material may be used as 
the injection tube, including ceramic materials, con- 
sumable steel or wrought iron pipe, and graphite 
tubes. Most of our work has been done with graphite 


tubes because of their excellent thermal shock resist- 
ance. The graphite tubes, however, will wear down 
in use, the wear resulting from three factors—erosion 
of the graphite by the boiling action of the metal 
during injection, solution of the graphite in the mol- 
ten iron, and oxidation of the hot graphite by air 
as it is removed from the metal bath. One method 
of increasing the life of graphite tubes is to coat the 
tube with a refractory wash before inserting it into 
the metal bath. 

The gas that we have found to be most satisfactory 
for general use with the injection process for the 
desulphurization of iron is dry nitrogen. Its low cost 
and relative inactivity in molten iron are the two 
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Fig. 1 — Effect of temperature on carbide requirements. 
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prime requisites for the conveying gas. Commercial 
grades of dry nitrogen have a sufficiently low mois- 
ture content to be satisfactory for this purpose. One 
cubic foot of nitrogen will convey from 4 to 6 lb of 
calcium carbide. 

The injection process for the desulphurization of 
iron may be incorporated on either a batch treatment 
or continuous treatment basis. Where only intermit- 
tent portions of a foundry’s iron production are to 
be desulphurized, the batch treatment would be pref- 
erable. In the batch treatment, a known weight of 
iron in some type of holding vessel is subjected to a 
rapid desulphurization treatment by the injection 
process. 

Where either all or a continuous portion of a 
foundry’s iron production is to be desulphurized, the 
carbide injection process may be incorporated on a 
continuous basis. In operating on a continuous basis, 
the amount of carbide required per unit weight of 
metal to lower the sulphur content of the metal to 
a desired point is determined. Then the flow rate 
of carbide from the dispenser is set at a rate deter- 
mined by the quantity of carbide required and the 
melting rate of the furnace. On one production test 
where carbide was injected into molten iron in the 
runner of a continuous tap cupola, it was found that 
within six minutes the sulphur content of the iron 
had been reduced from a spout analysis of 0.070 per 
cent to a forehearth analysis of 0.007 per cent. 

The injection process for desulphurization may be 
incorporated in many places within the melting and 
pouring operations. Desulphurization on a continuous 
basis may be carried out either in the runner of a 
continuous tap cupola or in the cupola forehearth. 
On an intermittent tap cupola where the forehearth 
is emptied between taps, the desulphurization treat- 
ment may be performed in the forehearth on a batch 
treatment basis. Generally when desulphurizing iron 
on a batch basis, the recommended point of treatment 
would be in a transfer ladle to avoid conflicting with 
other pouring operations. The location and type of 
treatment used would be a matter of individual 
preference. 

Results of Calcium Carbide Desulphurization 

The effectiveness of a subsurface addition of cal- 
cium carbide in reducing the sulphur content of iron 
has been known for some time. The production diffi- 
culties associated with nodular iron gave impetus to 
the development of equipment and techniques to 
make practical use of this knowledge. In the develop- 
ment work on the injection process for the desulphur- 
ization of iron, the preliminary or pilot-scale tests were 
carried out in the laboratory. The more promising 


TABLE 2 — Errect OF CARBIDE DESULPHURIZATION 
ON CARBON CONTENT 











Sulphur Carbon 
Carbide Initial Final Initial Final 
Test Lb Per Ton % %, % % 
1 24.5 0.145 0.074 2.75 2.75 
2 8.9 0.150 0.120 2.75 2.75 
3 21.5 0.098 0.029 2.35 2.40 
4 40.0 0.120 0.016 3.30 3.27 
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techniques were then reproduced in foundries on pro- 
duction-scale tests to prove the effectiveness of the 
process. These’ tests have ranged in size from 200-lb 
induction heats to 25,000-Ib ladles of iron. In nearly 
all instances where complete desulphurization has 
been desired, irons with sulphur contents of 0.010 
per cent and under have been produced by use of 
the injection process. Where partial desulphurization 
has been desired, it has been possible to obtain the 
desired sulphur end point by control of the amount 
of calcium carbide added to the metal. 

Table 1 shows results obtained in production tests 
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using the injection process for desulphurization. It 
can be seen that over the varied range of irons treated, 
the carbide consumption varied substantially. How- 
ever, once the desulphurization conditions were es- 
tablished for each of these irons, the treatment pro- 
duced extremely consistent results. 

It will be noted in comparing tests No. 1 and 6, 
which were on similar irons, that the pounds of cal- 
cium carbide added per 0.010 per cent sulphur re- 
moved per ton of iron treated varied approximately 
39 per cent. Such a variation can be caused by the 
differences in cupola operation and minor metal 
chemistry found from one foundry to another. In a 
foundry with reasonably controlled conditions, agree- 
ments such as indicated in tests No. 1 and 2 can be 
obtained. 

It has been found that there is no appreciable car- 
bon pickup from the carbide injection process. Table 
2 shows some typical results from tests in which low 
carbon irons were treated. 


Factors Governing Carbide Efficiency 

There are several factors that affect the activity of 
the carbide-sulphur reaction in the molten metal. One 
of these factors is metal temperature. Generally it 
has been found that high temperatures tend to favor 
the reaction while low metal temperatures tend to 
retard the reaction, both from a standpoint of car- 
bide consumption and completeness of sulphur re- 
moval. Figure | shows the results of production tests 
that illustrate this temperature effect. 

The initial sulphur level of the iron to be treated 
and the final sulphur level obtained have effect on 
the carbide consumption. As the sulphur level de- 
creases in the molten iron, increasing amounts of car- 
bide are required to drive the sulphur level down 
still further. 

At some rate of carbide injection, the efficiency 
of the carbide treatment begins to decrease as the 
carbide flow rate increases, indicating that unreacted 
carbide is passing through the metal bath without 
effect. The conditions effecting the optimum rate of 
carbide injection include heat size, ladle geometry, 
iron temperature, and number of carbide injection 
ports. Figure 2 shows the results from four desul- 
phurization tests on 2000-Ib heats. Two of the tests 
were run at a flow rate of 7 lb of cabride per min, 
while the other two tests were run with a carbide 
flow rate of 21 lb per min. The curves do not indi- 


TABLE 3— EFFECT OF 
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cate any appreciable decrease in carbide efficiency 
as a result of tripling the carbide flow rate up to a 
rate of 21 lb per min. Until the point of decreasing 
carbide efficiency is reached, increased carbide flow 
rates are desired to maintain treating time and 
temperature losses at a minimum. It is possible that 
even when the point of decreasing carbide efficiency 
is reached, the decreased temperature loss during 
treatment will neutralize the effect by providing an 
accelerated reaction from higher metal temperatures. 


Refinements of Desulphurization Process 

It was found that some grades of iron apparently 
resisted desulphurization. This was indicated either 
by an unusually high requirement of calcium carbide 
to effect desulphurization, or by a final sulphur level 
higher than normally obtained. An effective and sim- 
ple method has been found to overcome this condi- 
tion and make possible the complete desulphuriza- 
tion of irons previously difficult to treat. This method 
consists of adding to the molten iron, before the de- 
sulphurization treatment, a small quantity of either 
aluminum shot, calcium silicon, or ferrosilicon. This 
addition has enabled the desulphurization process 
that follows to either effectively reduce the sulphur 
content of the iron with reduced carbide consump- 
tion or to reach final sulphur levels lower than could 
previously be obtained on treatments of the same 
iron. Listed in Table 3 are results of some of the 
tests using the additive pretreatment before desul- 
phurization. Evidence of both higher carbide effi- 
ciencies and lower final sulphurs will be noted. 

This information indicates that aluminum is the 
most effective of the additions, although data are not 
available for comparison with calcium silicon on irons 
of similar carbon equivalents. Calcium silicon has 
been generally preferred as the additive, first, be- 
cause it is commonly available in foundries and sec- 
ond, because of the reluctance of foundrymen to add 
aluminum. 

It has been found that mixing the various additives 
with the carbide is not as effective as using the addi- 
tive prior to the carbide injection. The most satis- 
factory method of utilizing the additive pretreatment 
is to add the material to the molten metal stream as 
the iron is tapped into the vessel in which the carbide 
injection will be made. 

The actual mechanics of the pretreatment are un- 
certain, but the beneficial results of its use are ob- 


ADDITIVE PRETREATMENT 











Lb of Calcium 
Carbide Carbide Per 0.01% Additive 
Carbon, Silicon, Sulphur, % Added Sulphur Removed Per Amount 
Test % % Initial Final Lb Per Ton Ton of Iron Treated Material Lb Per Ton 
1 3.00 0.75 0.106 0.010 42.5 4.43 0 0 
2 3.00 0.75 0.120 0.079 16.2 3.96 0 0 
3 3.00 0.75 0.134 0.066 16.7 2.46 Calcium Silicon 2 
4 3.26 1.98 0.120 0.015 60.0 5.72 0 0 
5 3.23 2.15 0.120 0.008 60.0 5.36 Calcium Silicon 2 
6 3.30 2.00 0.120 0.006 60.0 5.26 Calcium Silicon 2 
7 3.24 2.07 0.120 0.006 60.0 5.26 Calcium Silicon 2 
8 3.55 2.27 0.084 0.057 24.0 8.90 0 0 
9 3.49 2.22 0.089 0.042 36.0 7.66 0 0 
10 3.59 1.78 0.128 0.008 40.0 3.33 Aluminum 1 
11 3.46 2.42 0.121 0.008 $2.2 2.85 75% Ferrosilicon 20 
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vious. Some clue to the cause of these results might 
be gathered from a study of the characteristics that 
are common to all of the three materials used, namely, 
a graphitizing action and a deoxidizing action. Work 
is continuing to gain a better understanding of this 
phenomenon. 

Slag Removal and Disposal 

The carbide injection process for the desulphuri- 
zation of iron produces a copious quantity of slag 
on the surface of the molten iron. This slag, unlike 
most slags normally encountered in iron production, 
is a dry powdery type material. The dry characteris- 
tic of the slag provides several distinct advantages to 
iron melting operations. There is no adherence of 
the slag to the refractory linings of ladles, forehearths, 
runners, etc., and most of the refractory attack nor- 
mally associated with liquid slags is eliminated. Sul- 
phur reversion from the slag to the molten metal 
upon prolonged periods of contact between the slag 
and the metal is virtually eliminated. The dry char- 
acteristic of the carbide slag makes it an immobile 
slag, and, hence, it cannot be removed by the con- 
ventional slag tapping methods employed with fluid 
slags. 

For continuous desulphurization, the carbide may 
be injected into the forehearth or mixing ladle or 
into the cupola runner. In the latter location, a box 
similar to a modified front slagging spout is used 
to obtain separation of the slag. 

For batch desulphurization, treatment in transfer 
ladles is recommended. For convenience in slag sep- 
aration, a teapot ladle is frequently used. 

Advantages to the Foundry Industry 

The calcium carbide injection process for iron de- 
sulphurization offers many advantages to the Foundry 
Industry. Those advantages can be applied to found- 
ries whether they are producing gray iron, malleable 
iron, or nodular iron. 

In regular gray iron production, the carbide in- 
jection process presents an effective, economical, and 
rapid method for reducing the sulphur content of 
the iron in order to meet manufacturing specifica- 
tions and eliminates the necessity of using premium 
priced charge materials for sulphur control. 

Desulphurization by the carbide injection process 
offers an_effective means of reducing the chill tend- 
ency of an iron. Table 4 shows the effect of carbide 
desulphurization on chill depth in a series of tests 
made in connection with the production of a thin 
section casting where chill interfered with machining. 

In the production of nodular iron, the various ma- 
terials added to the iron to promote formation of 


TABLE 4— CARBIDE DESULPHURIZATION VERsUS CHILL 
Carbide Initial Sulphur Final Sulphur Chill, 
oF 








Test Lb Per Ton A q% In. 
1 0 0.089 0.089 VA 
2 40 0.089 0.007 0 
3 0 0.074 0.074 4 
+ 7 0.074 0.060 \ 
5 14 0.074 0.027 \% 
6 20 0.074 0.017 Ye 
7 0 0.144 0.144 \Y% 
8 66.6 0.144 0.034 \Y 
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nodular graphite, are all active desulphurizing agents 
and will tend to remove the sulphur from the iron 
before taking full effect on the graphite. Therefore, 
it is economically advantageous to reduce the sulphur 
content of the iron to a low level with a relatively 
inexpensive material, such as calcium carbide, before 
adding the more expensive nodulizing materials so 
that those materials will be free to perform their 
primary function, i.e., the formation of nodular 
graphite. The occurrence of so-called “cope-defect” 
has been associated with large additions of nodulizing 
agents. By reducing the necessary quantity of nodu- 
lizing material, extreme desulphurization has been 
a practical means of reducing the occurrence of 
“cope-defect”. 

Desulphurization to a fixed, low sulphur content, 
prior to the nodulization treatment, tends to eliminate 
one of the variables that would otherwise hamper 
nodulization, and provides for the evolution of 
a more reproducible and predictable production 
process. 


Definition of Upgrading 


A substantial advancement in the techniques for 
the upgrading of cast iron has been made possible by 
the development of the injection process. In view of 
the varied terminology used in the iron industry con- 
cerning nodular, spheroidal graphite, or ductile irons, 
we should like to take this opportunity to define the 
terms that we use in conjunction with the finished 
materials and the processes used to produce these 
materials. 

We refer to an “upgraded iron” as being one in 
which the physical properties have been improved 
as a result of a transformation of the shape of the 
free graphite in that iron. “Upgrading” is a term 
applied to a process used to effect that graphite shape 
transformation in the iron. The term “upgrading” 
is used in preference to “nodulization” or “spheroidi- 
zation” because of our belief that there will be a 
definite field for intermediate grades of irons possess- 
ing physical properties superior to those of regular 
gray irons but not to the degree of fully nodular 
irons. Hence the term “upgrading” is a more general 
term and can be accurately applied to the process 
whether the finished product be an intermediate grade 
of iron or a fully nodular iron. 


Methods of Upgrading 


Several different materials, upon their addition to 
molten cast iron, have exhibited the effect of trans- 
forming the free graphite from its usual flake form 
to the compacted flake, pseudo-nodular, or fully nod- 
ular form. The materials in most common use today 
for this purpose are cerium and magnesium, although 
several other materials have exhibited similar char- 
acteristics. While these metals have been used in their 
pure form, they are more frequently alloyed as a 
means of reducing the extreme violence of the reac- 
tion accompanying their addition to molten iron or 
to improve their recovery. Various metallic oxides 
have also proven to be effective in the upgrading 
process, though generally not to the degree of effec- 
tiveness encountered in the use of the pure metallics 
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or metallic alloys. Certain metallic salts have also 
proven effective in the production of upgraded irons. 

The materials used in the production of upgraded 
irons may be added to the base iron by either of 
two methods—bulk additions or by injection. In mak- 
ing a bulk addition, a weighed amount of the up- 
grading material is added to the ladle, either empty 
or only partially filled, and the remaining quantity 
of base iron is poured over this material. In the in- 
jection process, the upgrading materials, in fine pow- ” 
dered form, are blown beneath the surface of the 
molten iron in a stream of inert gas after the iron 
is tapped into the treating vessel. 

Application of Injection Process for Upgrading 

The injection process can be applied to the pro- 
duction of upgraded irons as readily as it has been 
applied to the desulphurization of iron. The equip- 
ment requirements and operating techniques em- 
ployed with the injection process for the upgrading a 
of iron are identical to those used in the desulphuri- 
zation process. The only difference in the two proc- 
esses concerns the material actually injected into the 
molten iron to perform the desired treatment. In ad- 
dition to the upgrading materials injected into the 














molten iron, a post-inoculation may or may not be 
required depending on the initial chemistry and the 
desired microstructure. 

In practice, the injection process for upgrading iron 
is applied on a batch treatment basis rather than on 
a continuous basis. To take advantage of the close 
production control that is made possible by use of 
the injection process, it is necessary to have an ac- 
curate weight of the iron being treated. Also, if the 
treated metal is held for a prolonged period of time 
before being cast, some fading of the upgrading ef- 
fect may be encountered. 

If a ladle of iron is to be both desulphurized and 
upgraded by injection, a double dispenser installation 
is desirable; one dispenser for the calcium carbide 


Fig. 3— Dual dispenser arrangement. 


“Y” and a single powder conveying hose is connected 
from the “Y” to the injection tube. The carbide de- 
sulphurization and the upgrading injection can be 
carried out as one continuous injection, and the re- 
sultant treating time ani temperature loss can be 
maintained at a minimum. 

The desulphurization and upgrading processes can 
be performed using a single powder dispenser. This 
can be done by placing the required amount of car- 
bide in the dispenser and injecting until the dispenser 
empties. Then the upgrading material is added to 
the hopper and injected into the metal. This method 
necessitates the weighing of both the carbide and up- 


grading material. The time and temperature lost dur- 
ing the recharging operation make this procedure less 
desirable. 


and the second dispenser for the upgrading materials. 
The arrangement is shown in Fig. 3. The powder 
conveying hose of each dispenser is connected to a 


TABLE 5 — Test RESULT DATA 














As Cast Annealed 
Starting Sulphur Tensile Tensile 
Carbon, Silicon, Start, Final, Magnesium Cerium Magnesium Cerium Strength, Elongation, Strength, Elongation, 

Test % %, % % Added, % Added, % Residual, % Residual, % __ psi % psi % 

1 3.34 2.93 (a) 0.008 0.026 0.0013 0.009 0.0010 83,700 76 69,400 12.0 

2 3.06 2.76 (a) 0.007 0.026 0.0013 0.010 0.0010 90,800 1.6 85,500 4.5 

3 3.11 2.19 (a) 0.014 0.039 0.0019 0.009 0.0010 80,200 0.8 77,800 8.0 

4 3.47 2.84 (a) 0.020 0.026 0.0013 0.008 0.0010 75,900 3.3 63,500 6.0 

5 3.86 1.40 0.024 0.007 0.040 0.0025 0.019 0.0020 66,500 3.1 (a) (a) 

6 3.94 0.84 0.026 0.007 0.040 0.0100 0.005 0.0090 70,000 9.4 (a) (a) 

7 3.83 1.52 0.026 0.005 0.040 0.0110 0.004 0.0090 81,800 10.0 80,600 8.5 

8 3.91 1.68 0.025 0.004 0.040 0.0026 0.007 (a) 80,300 10.0 78,500 7.0 

9 3.86 161 0.024 0.006 0.070 0.0150 0.014 0.0130 79,500 11.0 63,500 21.0* 
10 3.86 1.61 0.024 0.006 0.070 0.0150 0.014 0.0130 105,800 3.0 62,000 21.0** 
1] 3.90 0.64 0.029 0.005 0.100 0.0250 0.015 0.0130 83,200 5.5 63,500 12.5 
12 3.90 0.64 0.025 0.005 0.183 0.0460 0.016 0.0230 66,600 14.5 60,200 21.0 
13 3.20 1.62 0.028 0.006 0.075 0.0110 0.010 0.0110 101,500 2.5 (a) (a) 
14 3.40 2.19 0.033 0.005 0.028 0.0014 0.016 0.0030 93,200 $5 59,400 23.0 
15 3.39 1.42 0.033 0.009 0.026 0.0013 0.016 0.0020 65,000 (b) 57,200 12.7 
16 3.47 2.00 0.120 0.006 0.020 0.0010 0.007 0.0006 58,000 3.0 (a) (a) 
17 3.42 1.92 0.120 0.007 0.030 0.0015 0.006 0.0008 68,800 3.0 (a) (a) 
18 3.48 1.97 0.120 0.006 0.040 0.0020 0.008 0.0009 77,000 3.0 (a) (a) 


* Mold cooled 


(a) Not obtained 
** Air cooled 


(b) Broke outside of gage marks 
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The slag formed by the injection process in the 
upgrading of iron is similar to the slag formed in 
the desulphurization process. The same methods used 
in handling the slag from the carbide injection are 
used in handling the slag formed during the upgrad- 
ing process. 

Injection Materials for Upgrading 

The upgrading materials developed for use with 
the injection process are mixtures compounded of 
three materials—the upgrading agent, an inoculant, 
and a diluent. A cerium-bearing magnesium ferro- 
silicon alloy frequently is used as the upgrading agent, 
and additional silicon is added to the mixture to 
promote self-inoculation. 

Calcium carbide is included in the mixture for two 
reasons. First, it acts to prevent fusing of low melting 
point materials in the injection tube, and second, it 
acts as a conditioner for the slag formed by the up- 
grading materials. 

The influence of subversive elements has been 
dealt with frequently in the literature. The same 
problems were encountered in developing suitable up- 
grading mixes. Variations in the cerium-to-magnesium 
ratio in the upgrading mixes have been made to 
counteract the effect of these subversives. 


Effect of Extreme Desulphurization Prior to Upgrading 

The most effective use of the injection process for 
the upgrading of iron is realized when extreme de- 
sulphurization of the iron is employed prior to the 
injection of the upgrading materials. The sulphur 
content of the iron should be reduced to less than 
0.010 per cent prior to upgrading. This extreme de- 
sulphurization will make possible the most effective 
and economical use of the upgrading materials and 
provide for improved production control and repro- 
ducibility of results. In addition, the use of very low 
sulphur irons, and the reduced upgrading material 
additions, generally result in a cleaner iron since the 
bulk of the dross generally encountered in upgraded 
irons is eliminated. The problem of casting rejects 
resulting from “cope-defect” is reduced. 

Upgrading Results 

Use of the injection process for the upgrading of 
iron presents several advantages over use of the bulk 
addition method. By injecting the powdered upgrad- 
ing materials beneath the surface of the molten iron, 
all of the reactions take place beneath the surface, 
and the violent flare normally encountered in the 
use of the bulk addition technique is virtually elim- 
inated. Since the flare inherent in the bulk addition 
technique generally is attributed to surface oxidation 
of the upgrading materials, it can be stated that elim- 
ination of that flare is indicative of a reduction in 
the amount of upgrading material lost to that oxi- 
dation. Therefore, the injection process becomes a 
more efficient means of adding the upgrading ma- 
terials, and the total amount of materials added can 
be reduced. Elimination of the oxidation factor re- 
moves another variable affecting the upgrading treat- 
ment, and presents a more predictable and reproduci- 
ble process for production applications. 

Most of the upgrading alloys used in the Foundry 
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Industry today exhibit a carbide stabilizing effect on 
the irons treated. There are indications that a re- 
duction in the amount of upgrading material added 
to the iron will reduce that carbide stabilizing tend- 
ency and make the iron more responsive to anneal. 

A large portion of the development of the upgrad- 
ing process has been done in production-scale field 
tests. Table 5 contains the results of these and lab- 
oratory tests where the desired end product was fully 
nodular iron. All of these irons were desulphurized 
by the injection of calcium carbide before the up- 
grading treatment. 

The unique position of the injection process in 
producing nodular iron becomes evident on examina- 
tion of the percentages of magnesium and cerium 
added and the magnesium and cerium residuals ob- 
tained. As compared with the bulk addition method 
of upgrading, the injection method produces nodular 
iron with appreciably lower additions of cerium and 
magnesium. The residual cerium and magnesium in 
the iron following treatment is also much lower when 
the injection method is used. 

The relationship between magnesium added, mag- 
nesium residual, and physical properties of the treat- 
ed metal accepted for nodular irons produced by bulk 
addition is not applicable to injection treated irons. 
Tests No. 16, 17 and 18 (Table 5) show the effect 
of increasing magnesium additions on physical prop- 
erties. It can be seen that there is no direct relation- 
ship between the magnesium added and the magne- 
sium residual. Indications are that the purging action 
of the nitrogen and the particles of calcium carbide 
contained in the upgrading mix act to remove the 
reaction products formed by the magnesium addition. 

The effect of cooling rate on the physical prop- 
erties of nodular iron is demonstrated by comparing 
tests No. 9 and 10. Two “Y” blocks were poured 
from the same ladle, one of these was allowed to cool 
in the mold while the second was shaken out 10 min 
after pouring. After similar annealing treatments, the 
physical properties were found to be essentially the 
same. 

The majority of these tests are conventional up- 
grading tests but attention is directed to tests No. 7 
and 8. It will be noted that in both of these tests 
the elongation dropped on heat treating. This be- 
havior has been noted where a final silicon content 
in excess of 4.00 per cent was obtained by a large 
post-inoculation. 

Effect of Silicon Post-Inoculation on Nodular 
Iron Made by the Injection Process 

The beneficial effect of the post-inoculation treat- 
ment on mechanical properties of nodular iron is 
well known. Of some interest, however, is the effect of 
silicon on irons containing so-called subversives up- 
graded by the injection process. Table 6 lists the re- 
sults of two tests in which irons of the composition 
3.83 and 3.91 per cent carbon, 0.026 per cent sulphur, 
1.52 and 1.68 per cent silicon, 0.031 per cent phos- 
phorus, 0.17 per cent manganese were desulphurized 
to 0.008 per cent sulphur, upgraded by injection of 
two nodulizing powder mixtures different mainly in 
the content of cerium, and post-inoculated by stirring 
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Test No. 2— As Cast 
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Test No. 3— As Cast 


Test No. 14— As Cast Test No. 15—As Cast 


Fig 4— Photomicrographs of microstructures of samples 
representing the various tests as shown in Table 5. 
Nital Etch. Maég. — 200X. 
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Test No. 18— As Cast 


Fig. 4 (Cont.) — Photomicrograph of sample from Test No. 18, 
As Cast, reported in Table 5. 


in 75 per cent ferrosilicon. The mechanical prop- 
erties were obtained on 0.505 in. diameter tensile 
specimens machined out of standard 3-in. “Y” blocks. 

A trend of increasing as cast tensile strength, elon- 
gation, and Brinell hardness, with increasing silicon 
content was observed on an additional number of 
heats in which titaniferrous irons were upgraded by 
injection. The increase in tensile strength was higher 
than that expected on the basis of the increase in 
tensile strength of silicon-ferrite. According to Messrs. 
C. E. Lacy and M. Gensamer, “Properties of Alloyed 
Ferrites,” Transactions ASM, vol. 32, 1944, pages 85 
to 115, the increase in the silicon content of the 
ferrite from 2.65 per cent to 4.24 per cent is accom- 
panied by an increase in tensile strength of 12,100 psi, 
and that for a silicon increase from 2.36 per cent to 
4.04 per cent by an increase in tensile strength of 
15,000 psi. The actual figures are 24,700 psi and 
31,300 psi, respectively, or about double the increase 
which would be expected from the influence of sili- 
con on ferrite alone. This difference in tensile strength 
was even greater, 29,800 psi in heat No. 62, for an 
annealed specirucn due to the decomposition of pearl- 
ite in the lower silicon specimens. 

Obviously, the silicon must have influenced the 
formation of nodular graphite. In fact, the estimated 
percentage of spheroidal graphite increased from 60 
to 80 per cent in heat No. 62 and from 40 to 90 
per cent in heat No. 63. 

Furthermore, at the lower silicon level, better re- 


519 


sults were obtained with the higher cerium addition. 
As the silicon content increased, the difference in 
tensile strength and elongation of heats No. 62 and 
63 were minimized, and at the 4.00 per cent level 
were equal. It appears that silicon added as post- 
inoculant takes over the role of cerium in scavenging 
the harmful influence of subversives. 

Silicon also had an influence on shrinkage of the 
upgraded iron. Figure 5 illustrates cross sections of 
the riser part of the 0.5 in. chill bar. On the left is 
the desulphurized iron, next specimen No. 63-2 with 
2.36 per cent silicon, then No. 63-3 with 3.02 per 
cent silicon and to the right No. 63-4. with 4.04 per 
cent silicon. Specimen No. 63-2 had a sponge-like 
shrinkage in the center and dishpan shrinkage on 
the sides. The sponge-like shrinkage developed to an 
open cavity with higher silicons, and the shrinkage 
at the walls disappeared, which indicates that sound- 
er and more accurate castings could be poured with 
higher silicon contents. 


Effects of Phosphorus on Ductility 

Phosphorus is one common element in cast iron 
that tends to limit ductility even in the presence of 
a fully nodular graphitic structure. This effect is felt 
in nodular irons whether made by the bulk addition 
or by the injection process. At present, the elimina- 
tion of this element from the charge is the only 
effective means of assuring high ductility in nodular 
irons. It appears, however, that there may be a large 
field for upgraded irons where high ductility is not 
necessary as a replacement for alloy cast irons. 


Advantages to the Foundry Industry 
The injection process for the upgrading of gray 
iron provides a flexible production tool for the iron 
foundry, whether large or small. Regular gray iron 
may be upgraded to an intermediate grade, or to a 
fully nodular iron, simply by adjusting the amount 
of upgrading material added. The process has proven 





Fig. 5 — Effect of silicon on casting shrinkage. 














TABLE 6 
Properties As Cast 4 
Added Residual Final “Tensile — 7 

Heat Magnesium, Cerium, Magnesium, Cerium, Silicon, Strength, Elongation, BHWN 3000- 
No. % % % % psi % Kg Load 
62-2 0.042 0.011 0.004 2.65 57,100 6.0 156 

3 3.35 67,200 9.5 163 

-4 4.24 81,800 10.0 207 
63-2 0.042 0.0026 0.007 (0.0024) 2.36 49,000 5.0 143 

-$ 3.02 62,700 8.5 163 

-4 4.04 80,300 10.0 197 











520 


to be economical, simple in application, and depend- 
able in results. As in the desulphurization process, 
once the upgrading material requirements have been 
established for a particular iron, the treatment can 
be repeated over and over with consistent and pre- 
dictable results. 


Conclusion — Desulphurizing and Upgrading 


The injection process for the desulphurization of 
iron is now a proven production tool. Although it is 
not a cure-all, the desulphurization process provides 
a substantial stride forward for those foundries pro- 
ducing specialty castings, high strength castings, or 
products manufactured to meet rigid physical and 
chemical specifications. In gray iron production, 
operating experience has shown that carbide de- 
sulphurization aids in meeting specifications, reduces 
the necessity for premium furnace charge materials, 
decreases chill, and forms a desirable type of reaction 
slag. 

Of paramount importance are the advantages that 
the desulphurization process offers to foundries pro- 
ducing nodular iron. These advantages include im- 
proved production economics, improved production 
control, and the production of cleaner finished prod- 
ucts. In a typical gray iron foundry using an acid 
cupola, the upgrading alloy required was reduced 3 
to 1% per cent by desulphurizing with injected cal- 
cium carbide before the alloy treatment. This reduc- 
tion in upgrading alloy enabled a saving of approxi- 
mately $4.00 per ton. 


By eliminating one of the variables that effects 
nodular graphite formation, the carbide desulphuriza- 
tion process results in improved production control 
for the foundry. The improved control will be evident 
in both the physical and chemical properties of the 
treated iron. One example of the uniformity made 
possible by the use of the process is the production of 
over 100 medium sized castings without a reject. 
These castings were made to a specification requiring 
a minimum elongation of 10 per cent as-cast. 


The desulphurization process used as a pretreatment 
in the production of nodular iron makes possible the 
production of a generally cleaner end product. Elimi- 
nation of sulphur from the base iron and the resultant 
reduction in upgrading alloy addition tends to reduce 
the degree of dross formation in the finished castings 
and will thereby reduce the number of rejects due to 
cope defect. 

The injection process for the upgrading of iron is 
one relatively new to the foundry industry. Substan- 
tial advancement has been made in the development 
of this process to date and continuing development 
will result in improvements in the immediate future. 
The upgrading process is now applicable to a wide 
variety of cast irons and the future development will 
have as its objective the widening of that range of 
application. Within the foreseeable future, the up- 
grading process will be as readily applied to the iron 
industry as is the desulphurization process and the 
advantages to be gained from its adoption will be of 
decided importance to the industry. 
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S. F. Carrer (Written Discussion): The authors have done a 
commendable job of developing a process and presenting the 
data. 

In our plant the injection process has been found to be a 
useful method of treating iron. By injecting carbide for ex- 
perimental desulphurization, sulfurs as low as 0.007 per cent 
have been obtained. 

Over a period of the last two years we have been using the 
injection process for the occasional production of upgraded, 
nodular, or ductile iron. We have found the current injection 
equipment efficient, easy to handle, and much improved over 
earlier devices. High physical iron has been obtained with 
several different mixtures. The commercial alloy described in 
the paper has been used with good success. The injected mate- 
rial as described contains a triple combination that desulphur- 
izes, nodulizes, and inoculates in a single treatment. Control 
has been good and results reasonably consistent in the face of 
shop variables. 

We have found that a very low sulphur content is helpful in 
producing a nodular or upgraded structure. 

In our plant basic cupola iron in regular foundry ladles is 
simply injected a few minutes with | to 114 per cent of material 
and the castings poured. The dry slag is either held back with 
a brick, or tea pot, or is skimmed off. On ladles of 4,000-lb 
capacity, injection time is normally 2 to 4 min. Ladles as large 
as 12,000 Ib have been treated in 7 min. 


Taste A — Noputar Irons By INJECTION TREATMENT 








Amount 

Injected, TS. 2. Elon., Mg 
%  Mixtures* x103 x103 % BHN * 
1 A-l 80.2 52.6 6.9 196 0.019 
1 A-2 100.0 64.9 4.7 0.034 
1% A-3 90.3 59.8 9.6 0.030 
1 C3-2 66.0 49.5 3.8 197 0.014 
1% C3-2 91.9 58.2 11.8 192 0.025 
1% C3-2 102.3 63.9 5.3 212 0.018 

* Mixtures 


A-1 47% CaCs, 47% CaSi, 3% Mg, 3% REO 
A-2 47% CaCo, 47% CaSi, 5% Mg, 1% REO 
A-3 4514% CaCo, 454%4% CaSi, 6% Mg, 3% REO 
C3-2 Linde mixture 

P 0.03-0.05% 

Si 2.60-3.10% 

C 3.40-3.65% 








rr) 


Ste 
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Table A shows some of the tests obtained from 0.505-in. diam 
tensile bars machined from keel blocks. With both the home- 
made mixtures and the alloy described in the paper, as-cast 
tensiles ranged from 66,000 to 102,000 psi and elongations from 
3.8 per cent to 11.8 per cent. Magnesium recoveries were good 
and residual contents ranged from 0.014 to 0.034 per cent. 
Structures were reasonably soft as-cast and predominantly 
ferritic. 

By varying the amount and the strength of the material, 
iron may be produced to any desired physical level up to a 
fully nodular structure. 

We believe the injection principle is a useful contribution to 
metallurgical control. 

E. A. Loria* (Written Discussion): It is stimulating to have 
this progress report on the nitrogen injection of calcium carbide 
for the upgrading of cast iron. For several years, calcium carbide 
has been generally discounted as a ladle addition for cast iron 
(and even steel) because of its poor solubility at the temperature 
of the metal and the time interval and conditions of pouring. 
Now the authors have developed a special practice for circum- 
venting these difficulties. 

The writer* has noted the factors in the carbide process with 
respect to acid electric steelmaking. These same factors would 
also be operative to a degree in iron founding. Briefly, carbide 
injection should be done at a time when the metal has reached 
a high temperature, so that the solubility of the carbide is en- 
hanced. It is done on a bare bath because if the usual slag 
were left on, it would lower the efficiency of the carbide and 
might even cause a sulphur reversion under certain circum- 
stances. Finally, the ability of the process to lower sulphur is 
dependent on the initial sulphur content of the charge and the 
amount of reduction desired. For example, a reduction of from 
0.085 per cent to 0.045 per cent is more easily accomplished than 
a reduction of from 0.030 per cent to 0.015 per cent. 

What were the quantities of metal desulphurized in the pro- 
duction tests listed in Tables 1 and 2? What were the metal 
temperatures in these tests and in the tests diagramed in 
Figure 2? Also, would the authors comment on the importance 
of the molten iron temperature on the amount of carbon pickup 
from the carbide? Were samples obtained from samples poured 
at different intervals from the reservoir ladle of desulphurized 
metal or were the reported analyses simply ladle analyses? In 
other words was there a difference in sulphur content between 
the first and last casting poured? Also, were the tensile test 
results reported in Table 5, taken from a single pour for each 
iron? Do the authors have test bar results on bars cast from 
the first, middle and last part of a pour from a reservoir ladle 
of desulphurized iron (particularly for flake graphite irons) ? 

Have the authors tried freshly burnt lime in combination 
with calcium carbide in view of the fact that the desulphuriza- 
tion ratio increases with increasing amounts of excess (or free) 
lime? The results for calcium silicon in Table 3 are interesting 
since the usual, smaller addition of calcium silicon to steel has 
not produced any desulphurizing effect. The heavy addition 
apparently makes the difference. How much drop in metal 
temperature occurs after the addition of 60-lb desulphurizer 
and how much time is there for the pouring of the 2000 Ib of 
metal into .satisfactory small castings? The word “fluidity” is 
mentioned in the title and abstract but no specific data are 
found in the paper. 

Since it is known that activity or turbulence of the bath is a 
factor in lowering sulphur, would the authors comment on the 
results of just injecting the pressure agent alone or using other 
appropriate size materials? The actual results would be of 
interest not only from a technical standpoint but would shed 
light on the use of less expensive materials for lowering sulphur 
to a satisfactory level for the ordinary “garden-variety” cast 
irons. Such additions as burnt lime, dry Perrin slag, certain 
calcium aluminates and soda ash could be considered. Inci- 
dentally, calcium cyanamide has been used successfully as a 
ladle desulphurizer. A 50- to 70-lb per ton addition is made 
during the tapping of 60 ton of superheated iron (above 2900 F) 


1. Ass’t. Supt., Melting Dept., American Cast Iron Pipe Co., Birmingham, 
Ala 


2. Staff Metallurgist, Crucible Steel Co., Pittsburgh, Pa. 
* E. A. Loria, “‘Notable Factors in Carbide Process,’ Electric Furnace 
Steel Proceedings, A.1.M.E., vol. 9, p. 82 (1951). 
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from an electric smelter and then reladling reduces sulphur 
from 0.30 per cent to 0.06-0.08 per cent. The iron is tapped 
directly onto the cyanamide rather than the addition made to 
the stream. This large amount of metal is handled without any 
lance or fancy equipment. The success of the process is the 
attainment of superheated iron. If the metal is below 2900 F 
it is duplexed into a conventional electric furnace for the treat- 
ment described below. 

The writer** has participated in the large scale injection of 
burnt lime or carbide with a BRI gun in 60-ton basic electric 
furnace heats to lower the sulphur content of smelter iron 
containing 0.65-1.25 per cent carbon and 0.45-0.65 per cent 
sulphur. Such a desulphurizing practice, injecting 400 Ib of 
lime at a time with nitrogen as the pressure agent through a 
114-in. diameter pipe, 20 ft long, proved satisfactory. Depend- 
ing on the size of the heat and how fast the sulphur in the 
metal is dropping, from 5 to 7 mixes go through the gun and 
the metal is tapped when it analyzes 0.06-0.07 per cent sulphur. 
The lime injection practice with nitrogen affords a sulphur 
drop from 450 to 30 Ib at tap, or roughly 110 lb per hr. The 
writer can attest to the difficulties arising from the clogging of 
the pipe with feed material and the rapid consumption of the 
pipe before actually penetrating the metal bath. 

Have the authors tried plant air as the pressure medium 
rather than nitrogen, simply as an economic measure? In the 
aforementioned study this was done and reducing conditions 
in the melt were not appreciably affected despite the presence 
of oxygen in the injecting gas. An excellent heat made in a 
“hot furnace” showed the remarkable sulphur drop from 772 Ib 
to 47 lb or 200 Ib per hr in the same total heat time, using 
plant air as the pressure agent. The idea of introducing oxygen, 
with the air injection method, into a strongly reducing atmos- 
phere may have seemed contrary to established desulphurizing 
theory, but the results showed otherwise. 

The same fundamental desulphurizing reactions apply with 
the additional effect of oxygen at the slag-metal interface. 
Accordingly, the presence of iron oxide in the metal and at the 
slag-metal interface would be suspected with the instantaneous 
increase of iron oxide; its effect on calcium sulphide would 
tend to help reduce the sulphur level in the slag by increased 
evolution of sulphur dioxide. Generally, in basic electric steel- 
making where a lower sulphur system is involved, as the iron 
oxide in the slag is lowered, the oxygen in the metal bath then 
approaches equilibrium with the carbon in the metal. Some 
oxygen may migrate to the slag-metal interface but the bulk 
of the excess oxygen would be removed by the carbon-oxygen 
reaction, forming carbon monoxide. 

T. E. Eacan® (Written Discussion): The first part of Dahm, 
Barnes and Bieniosek’s paper covers desulphurizing of gray iron 
by the use of calcium carbide. The results reported were 
obtained from actual tests made in a foundry or foundries. 
Such tests, of course, are subject to all the vagaries found in 
foundry operations. DeHuff and Schneidewind,* on the other 
hand, report the results obtained from induction-melted heats 
where everything can be held under good control. Those two 
papers supplement each other; therefore, I would prefer to 
discuss them together. 

In Fig. A, I have plotted the results shown in Table 1 of the 
Dahm, et al paper, the calculated results taken from Fig. 5 of 
the DeHuff and Schneidewind paper, and some results obtained 
by the writer, as the efficiency of sulphur removal (Per Cent of 
Sulphur Removed) against pounds of carbide added per ton of 
metal. The curve shown for the DeHuff and Schneidewind tests 
is the average of all the results obtained. 

The DeHuff and Schneidewind work was done under labora- 
tory controllable conditions and should indicate the ultimate 
that we should expect by blowing carbide into iron to remove 
sulphur. The scatter of points indicates that we should expect 
rather erratic results in per cest of sulphur removed. Also, 
there is a good indication that we should not expect an average 
of more than 82 per cent efficiency of sulphur removal and to 
get this efficiency, we must add over 25 lb of carbide per ton 
of metal. 


** E. A. Loria, “Sulphur Removal Studies in Basic Electric Furnace 
Melting,” Blast Furnace and Steel Plant, vol. 43, p. 86 (January 1955). 
*See “Calcium Carbide Desulfurization By the Injection Process,’” 
p. 524 in this volume. 
3. Chief Research Metallurgist, Cooper-Bessemer Corp., Grove City, Pa. 
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There are too few results shown in the Dahm, et al paper to 
give a true indication of what happens under foundry condi- 
tions; a straight line is drawn to indicate the trend in this 
case, which no doubt is incorrect in the light of the work of 
DeHuff and Schneidewind. However, the results indicate that 
in general we can expect the efficiency of sulphur removal in 
actual foundry heats to be somewhat less than we can obtain 
under laboratory conditions. 

The black dots (Fig. A) indicate the efficiency of sulphur 
removal obtained in trying to desulphurize 8000 Ib of metal in 
the ladle at our Mount Vernon foundry. It will be seen that 
the efficiency obtained in this case is very low. The reason that 
the results shown are centered around 10 lb of carbide per 
ton of metal is that this was all that we were able to get into 
the ladle in the time we could let it stand. 

It must not be forgotten that time is an important element 
in handling gray iron in any foundry. It also takes time to 
allow contact of the carbide and the sulphur in the metal in 
order to get efficient removal. This time is not usually avail- 
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able. Therefore, the alternate is to add an ounce of carbide 
with the hope that by doing so we can achieve the same end. 

For example, if we have 8000 lb of metal in a ladle with a 
sulphur content of 0.10 per cent and wish to get our sulphur 
down below 0.02 per cent from the curves of Dahm, et al, we 
should add somewhere between 30 and 40 Ib of carbide per 
ton of metal. This is a large amount of carbide to add with 
one dispenser and one lance. Our experience has been that we 
could not add more than 15 lb per minute without blowing 
iron out of the ladle. At this rate, it would take between 8 
and 10 minutes to do so. Because of the temperature drop 
and interference with other metal being poured, this time is 
usually considered too long. 

The removal of sulphur to a low per cent in acid melted 
cupola iron is ideal for the foundry which casts the majority of 
its castings in gray iron. However, these papers indicate that 
much work should be done along the lines of obtaining better 
control over the amount of sulphur removed and to doing the 
desulphurization in as short a time as possible. 
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As a further comment, it would be well for both papers to 
indicate whether the temperatures shown were taken optically 
or by themocouple immersion. 


Mr. DaHM (Author’s Closure): The authors wish to thank 
the contributors of discussion for their pertinent comments. The 
interest aroused by the injection process is most gratifying to 
those engaged in the carbide program. 


Before answering Mr. Loria’s specific questions, we should like 
to make it clear that, throughout the paper, no material in- 
crease in tensile strength has been attributed to desulphurization 
alone. The only upgrading referred to in the paper was that 
accomplished by the addition of magnesium- and cerium-bearing 
materials. 

The quantities of metal desulphurized in the tests listed in 
Table 1 varied from 200 Ib to 27,000 Ib. The majority were 
1500-Ib to 2500-lb ladles. In Table 2, Tests 1 and 2 involved 
treating 900-lb batches; while Test 3 was a 650-lb batch and 
Test 4 was a 2000-lb batch. The temperatures at the start of 
injection, as taken optically, varied from 2900+ F for some of 
the induction furnace heats down to 2725 F for some of the 
larger ladles. The metal temperature at the start of injection 
for the tests diagrammed in Fig. 2 was 2730 F. For most tests, 
the analysis given in Table 1 was simply a ladle analysis taken 
immediately before the entire ladle was given some upgrading 
treatment. 

We do not as yet have enough information on carbon pickup 
from calcium carbide to establish any relationship between metal 
temperature and carbon pickup. It is to be expected that higher 
metal temperature would favor carbon pickup. We have ex- 
perimented with the injection of burnt lime alone but not with 
a mixture of burnt lime and calcium carbide. Under the same 
conditions, burnt lime was not as efficient a desulphurizer as 
was calcium carbide. 

The information presented in Table 3 was not intended to 
give the impression that calcium silicon was, in itself, a de- 
sulphurizer. Rather, we have found that a small pre-addition 
of calcium silicon, before adding the desulphurizer, will fre- 
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quently increase the desulphurizing efficiency of injected calcium 
carbide. 

The drop in metal temperature during carbide treatment is 
a function of several factors in addition to the quantity of 
calcium carbide added. The time of injection, the conveying 
gas-to-powder ratio, and the slag handling facilities are also 
important. The time available for treatment and pouring off 
would also be influenced by the metal temperature at the start 
of treatment and the metal chemistry. 

The bubbling of pure nitrogen through molten cast iron has 
been investigated. Unless there is present a sulphur removing 
slag on the surface of the metal, the nitrogen boil has no effect 
on normal cast iron sulphur content. Calcium cyanamid has 
been injected and some desulphurization obtained. However, 
there was an accompanying nitrogen pickup which caused a 
normally gray iron to cast white. Perrin slag (45 per cent 
AlyO3, 55 per cent CaO) was injected with nitrogen. The con- 
sumption was approximately 20 lb per 0.01 per cent sulphur 
removed per ton of iron treated. 

We do not recommend the use of plant air as the pressurizing 
medium because of the moisture generally present in such air 
lines. This moisture has a deleterious effect on the flowability 
of finely divided powders. 

In regard to Mr. Eagan’s comments, the results given in 
Table 1 were intended to show typical results in various 
foundries rather than the spread to be expected in any given 
foundry. To illustrate a typical production spread, Table A 
shows the results of 18 desulphurization ‘treatments. All treat- 
ments were made in the ladle. 

These results were obtained using nitrogen conveyed calcium 
carbide injected at a rate of approximately 30 Ib per min 
through a single injection tube. As soon as the injection” was 
completed, the carbide slag was skimmed from the ladle. No 
additional contact time was required to effect the desulphuriza- 
tion indicated in the table. We have copied Mr. Eagan’s plot 
and added to it the results obtained in Table A. See Fig. B. 
These production results agree closely with the laboratory 
results obtained by DeHuff and Schneidewind. 











TABLE A 
Lb Calcium 
Quantity Total Calcium Carbide Per 

of Iron Initial Final Sulphur Calcium Carbide Sulphur 0.01% Sulphur 

Treated, Sulphur, Sulphur, Drop, Carbide Added, Removed, Removed/Ton 

Ib % % % Used, Ib Ib/ton % of Iron Treated 
7,000 0.099 0.024 0.075 105 30.0 75.8 4.00 
8,000 0.098 0.018 0.080 120 30.0 81.6 3.75 
27,000 0.096 0.015 0.081 405 30.0 84.4 3.70 
12,000 0.095 0.010 0.085 180 30.0 89.5 3.53 
14,000 0.104 0.019 0.085 185 26.4 81.7 3.11 
14,000 0.110 0.022 0.088 180 25.8 80.0 2.93 
12,000 0.126 0.009 0.117 180 30.0 92.9 2.56 
3,000 0.084 0.021 0.063 55 36.6 75.0 5.81 
14,000 0.090 0.010 0.080 210 30.0 89.0 3.75 
16,000 0.093 0.009 0.084 240 30.0 90.4 3.57 
16,000. 0.131 0.009 0.122 250 31.2 93.1 2.56 
11,000 0.110 0.015 0.095 150 27.3 86.4 2.88 
14,000 0.108 0.020 0.088 210 30.0 81.5 3.41 
12,000 0.111 0.032 0.079 128 21.4 71.2 2.71 
14,000 0.097 0.015 0.082 210 30.0 84.6 3.66 
14,000 0.105 0.014 0.091 210 30.0 86.6 3.30 
16,000 0.099 0.008 0.091 238 29.8 92.0 3.28 
16,000 0.095 0.006 0.089 235 29.4 93.7 3.30 











CALCIUM CARBIDE DESULFURIZATION 
BY THE INJECTION PROCESS 


By 


John A. DeHuff* and R. Schneidewind** 


Introduction 

Desulfurization of cast iron, after the metal is 
tapped from the cupola or air furnace, has proved to 
be of value to many foundries in recent years. It pro- 
vides a means for better control of sulfur chemistry. 
This control is particularly important where fluidity 
is a factor or where the iron is to be subsequently 
treated to make upgraded or nodular iron. 

The sulfur content of most commercial acid-cupola 
gray irons is not important unless it rises appreciably 
above 0.120 per cent S. Even then, the sulfur content 
is not too serious a factor for many non-critical cast- 
ings having large sections. The foundryman achieves 
the required mechanical properties and structure by 
use of manganese to tie up the excess sulfur. Gen- 
erally, a minimum of 0.35 per cent Mn plus the 
manganese required to tie up the sulfur is used; for 
example, an iron having 0.100 per cent S will contain 
a minimum of 0.52 per cent Mn. 

For many small sand or permanent mold castings, 
where fluidity is of vital importance, desulfurization 
from 0.120 per cent S down to the 0.060 to 0.080 per 
cent S range is widely practiced. The most common 
means is the use of fused sodium carbonate; however, 
in some foundries sodium hydroxide has been used in 
special cases. Although lower sulfur levels may be 
preferred in many instances, the sodium carbonate 
process is not suitable for achieving a greater degree 
of desulfurization because uneconomical quantities of 
it are required, the silicate slag interferes with the 
desulfurizing reaction, and the interfacial area be- 
tween molten iron and sodium carbonate is relatively 
small in the ladle for the masses involved. Reladling 
has proved to be of some value in overcoming this 
latter problem, but often this method cannot be used 
because of the drop in metal temperature which oc- 
curs on reladling, and the problems involved in sulfur 
reversion. 

When special irons are to be made, such as up- 
graded or nodular irons, the sulfur content should be 
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below 0.020 per cent S; otherwise, expensive magnes- 
ium or cerium alloys, which are used to produce the 
upgrading and nodulizing effects, will be consumed 
as desulfurizing agents. Consequently, no property 
improvement will be obtained unless excessive 
amounts of these expensive additions are employed. 
As a result, the acid cupola shop finds itself at a dis- 
advantage compared with basic cupola and electric 
furnace shops for making these irons. 

In an effort to obtain a better method of desulfur- 
ization, the Air Reduction Research Laboratories de- 
veloped the calcium carbide injection process, and 
found one of its important applications to be a pre- 
paratory treatment for making upgraded and nodular 
iron from acid cupola metal. This paper discusses the 
process and the factors to be considered in its applica- 
tion. 

Injection Process © 


Calcium carbide, having a particle size which will 
pass through a 20-mesh screen, is injected beneath the 
surface of molten metal by means of a nitrogen carrier 
gas. Sufficient pressure is necessary to cause the gas 
and suspended solids to leave the injection tube with 
reasonable velocity and penetrate into the molten 
metal against its hydrostatic pressure. Figures 1 and 2 
illustrate the principle of injection; they show a 
solid in a gaseous carrier entering a liquid of high 
specific gravity through a hollow graphite tube. Fig- 
ure 1 shows the entry of solid at the beginning of in- 
jection and Figure 2 the dispersion of solid a fraction 
of a second later. 

The equipment used to make a suspension of CaC, 
in gas and deliver this mixture to the injection tube is 
shown in Fig. 3 and 4. A single hopper unit, Fig. 3, 
is used for batch ladle treatments, but for continuous 
injection, a double hopper unit, Fig. 4, is used by al- 
ternately loading and pressurizing each hopper. The 
amount of material delivered in a given time can be 
varied by the use of different orifice sizes and pres- 
sures. With the proper selection of these variables and 
the type of equipment, injection rates of from 0.8 to 
100 Ib of solid material per minute have been 
achieved. Also, by changing the gas pressures in the 
storage hopper and the delivery line, and the orifice 
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sizes, a variety of solid to gas ratios (i.e., pounds 
CaC,/standard cubic foot of gas) may be obtained. 
Mechanism of Desulfurization 

Work is now being carried out with the objective 
of determining the exact nature of the chemical re- 
actions that occur when desulfurizing with calcium 
carbide; these findings will be the subject of a future 
paper. Preliminary thermodynamic computations have 
shown that the desulfurizing mechanism could be 
represented by the following equation: 

CaC, (s) + S=CaS(s) + Fe (I) 


Fig. 3 (Lett) —Injection appara- 
tus, batch type. One cubic foot 
capacity. Fig. 4 (Right) — Injec- 
tion apparatus, continuous type. 


Fig. 1 (Left)— Sized urea for- 
maldehyde resin entering tetra- 
bromoethane through a ¥-in. I.D. 
graphite tube. Dispersal pattern at 
start of injection. Fig. 2 (Right) 
— Dispersal pattern a fraction of 
a second later than that of Fig. 1. 


where S represents the sulphur dissolved in molten 
iron probably as FeS and MnS. At present, it will 
suffice to discuss the various factors involved in re- 
acting a dispersed solid with a liquid metal. 
Particle Size 

The advantage of small particles in a liquid-solid 
reaction was illustrated by Giedroyc and Dancey’s! 
experiments in England with lime desulfurization. To 
expose as much surface areas as possible and still use 
a minimum amount of lime, they abandoned solid 
masses that quickly became saturated with reaction 
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Fig. 5 — Desulfurization in a 500-Ilb induction furnace with single stage injection. 


products on the surface, and employed coke breeze 
coated with a lime slurry. 

Wood? has shown increased desulfurization effi- 
ciencies with small calcium carbide particle sizes down 
to somewhere between 100 and 200 mesh, where there 
was a loss in efficiency that he attributed to air 
slaking. Also, it is entirely possible that the smaller 
particles do not rise from the bath rapidly enough to 
effect a good separation. Assuming that desulfuriza- 
tion takes place instantaneously, the rate of removal 
of CaS is the time consuming step in desulfurization. 
Calculations made on the basis of the specific gravities 
of calcium sulfide and molten iron, assuming a stag- 
nant bath and spherical particles, show that it is quite 
possible for a 20-mesh particle to rise from the bath 
in a matter of minutes, much less likely for 200-mesh 
particles to do so, and quite impossible for an object 
the size of a single CaS molecule to do so. It has been 
postulated, therefore, that the 20-mesh carbide par- 
ticles absorb the sulfur from the melt and rise to the 
surface to form the observed dry slag. The assumption 
of a near instantaneous absorption agrees with Gied- 
royc and Dancey (op. cit.) who, in their lime desul- 
furization experiments, found that over 50 per cent 
of the sulfur was absorbed in the first second of con- 
tact. 

The time consuming step discussed above ((i.e., 
separation of sulfur bearing particles), while impor- 
tant from the viewpoint of interpreting results of 
chemical analyses, is of little practical significance 
because it has no relation to the amount of active 
sulfur in the melt. Chemical analysis measures total 
sulfur whether chemically combined with, or mechan- 
ically entrapped in the metal. However, once the 
sulfur is tied up as calcium sulfide, it is thermody- 
namically unavailable to react with subsequently 
added nodulizing or upgrading agents. 


Slag 
As the reaction products rise to the surface, they 


form dry, solid slags with sulfur contents of 13 per 
cent or more depending on the total sulfur present. 
The dry slag leaves the ladle lining clean even in the 
case of magnesium or cerium treatments in the same 
vessel. As long as the slag remains solid, there is little 
tendency for the sulfur to revert to the metal;* how- 
ever, experiments wherein the dry slag was liquefied 
by spar and borax additions did cause reversion. So- 
lution of the dry slag into another liquid slag, even 
one high in lime content, will cause some reversion of 
the sulfur into the metal. 

Factors Affecting Efficiency of the Process 

The frequency of collision of carbide and sulfide 
molecules is a governing factor in the efficiency of this 
solid-liquid type reaction. For best results, the dis- 
persion of CaC, particles throughout the bath should 
be as uniform and complete as possible. Therefore, 
there are some practical considerations that must be 
taken into account when applying this process to com- 
mercial operations. For example, field data show that 
the injection tube should be immersed at least half 
the depth of the metal, and preferably more, in order 
for the carbide particles to react with maximum effi- 
ciency. Similarly, a ladle design which allows only a 
small percentage of the total metal volume to be ad- 
jacent to the injection tube is not as desirable as one 
where it is possible for the injection pattern, shown 
in Figs. 1 and 2, to cover nearly the entire volume of 
the bath. For instance, a bull ladle is preferable to a 
horizontal barrel type. 

A higher initial sulfur content also increases the 
chances for collision and, therefore, results in a higher 
desulfurizing efficiency. However, this effect is not 
significant, as illustrated by laboratory tests, until a 
relatively low sulfur level of 0.040 per cent S is 
achieved, Figs. 5, 7 and 8. 
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Fig. 6 — Rate of sulfur removal from the melt, 500-Ib induc- 
tion furnace. Specimens extracted with modified Taylor 
sampling device. 


Another practical consideration is unavoidable 
temperature drop in a foundry ladle. Rapid injection 
rates are often used in order to conserve temperature. 
If these rates are too high, metal loss due to excessive 
splashing will result. Therefore, in some cases where 
initial temperature is low or where temperature loss 
is severe with normal practice, injection is carried out 
as the ladle is being filled. The loss in desulfurization 
efficiency because of shallow immersion in the initial 
stages of the run is balanced against the lower effi- 
ciency which would have resulted because of a lower 
final injection temperature. 

There is an additional advantage to injection as the 
ladle is being filled; the stirring action assists in cir- 
culating the metal through the injection zone. 

High temperature, in addition to its effect on the 
kinetics of the chemical reaction, lowers the viscosity 
of the metal and aids dispersal of the solid particles. 
Also, higher temperatures give rise to convection cur- 
rents which bring high sulfur metal into the reaction 
zone. 

The ratio of solid material to volume of carrier gas 


Fig. 8 — Desulturization with 12 
multi-stage injection showing the 
eftect of temperature. 
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Fig. 7 — Desulfurization with multi-stage injection at 2770- 
2800 F. 


is of primary importance. At the extremes, too much 
solid to carrier gas causes the tube to plug and inhibits 
dispersion, while too little solid to gas will carry 
unreacted carbide to the surface as a fog without 
allowing the solid to come into contact with the 
metal. In between these limits, there is a large usable 
range of solid-gas ratios extending from approxi- 
mately 0.5 to 4.5 lb of carbide per standard cubic foot 
of gas. Field results indicate a slight trend toward 
better efficiencies in the carbide-lean mixtures; this 
is logical when one considers that a better dispersion 
is obtained because of increased agitation and the 
avoidance of carbide clumps that reduce the effective 
reagent surface area. 


Laboratory Heats 


Procedures 
In the course of hundreds of laboratory heats, in- 


jection with calcium carbide was used as a preliminary 
step in upgrading and nodular iron experimentation. 
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These heats were made in a 500-lb high frequency in- 
duction furnace, usually with a MgO crucible. The 
charges consisted of pig and Armco iron, with addi- 
tions of ferromanganese, ferrosilicon and iron sulfide 
to obtain the base chemistry desired. The treating 
temperature was usually 2800 F. In most cases, cal- 
cium carbide injection was performed in the furnace 
after the melt came to temperature; in other heats, 
the metal was first poured into a ladle where it was 
injected. 

Results 

Figure‘5 represents a summation of the desulfuriza- 
tion obtained with typical laboratory single injection 
heats. These entail quite a bit of unreacted excess 
carbide. Two sulfur percentages are shown for each 
heat, the melt-in value, and the percentage sulfur 
remaining after injection. The latter sampling was 
made within five minutes after the completion of the 
CaC, addition. These sulfur values are plotted against 
pounds of CaC, injected per ton of metal. Two hori- 
zontal lines have been superimposed on each of the 
graphs. One of these lines is drawn at 0.020 per cent 
sulfur which in this paper is considered adequate de- 
sulfurization for making upgraded or nodular iron. 
The second line is at 0.060 per cent sulfur; this sulfur 
level in gray iron is considered necessary for excellent 
fluidity. A third line, AB, at 45 degrees to the hori- 
zontal, represents the slope of a desulfurization curve 
along which carbide is removing sulfur at a weight 
ratio of 10 Ib CaC, per pound of S. 

The graphs generally show a steeper slope than AB 

in the higher initial sulfur melts, indicating better 
efficiency than the 10 to 1 ratio. At lower initial 
sulfurs, the desulfurization lines are less steep, indi- 
cating a less efficient operation. Figure 5C has gen- 
erally lesser slopes than the AB line, primarily be- 
cause 25 to 30 lb of CaC, represents the use of an 
excessive quantity for removing the amount of sulfur 
in these heats. 
_ The rate at which the reaction products separated 
from three different 500-lb laboratory induction heats 
is illustrated in Fig. 6. The curves represent samples 
extracted at close intervals by modified Taylor? sam- 
plers after injection; both still bath and induction 
stirring conditions are represented. Of greatest signifi- 
cance are the initially steep slopes which reflect both 
a rapid reaction rate and clearing time. After only 30 
to 40 seconds, more than 88 per cent of the total sulfur 
removed had cleared the bath. 


Multi-Stage Injection 

Another series of tests was run in which small in- 
crements of carbide were injected into the 500-lb in- 
duction furnace and poured samples for analysis taken 
five minutes after each injection treatment. This ex- 
perimental technique has been designated as multi- 
stage injection. The temperature was not allowed to 
fall below 2700 F nor rise above 2800 F. Figure 7 
shows the sulfur analyses for four separate heats, 
plotted against the cumulative amount of calcium 
carbide used. Since two of the irons contained ini- 
tially about the same sulfur, the points are plotted on 
the same line. 
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These curves show that for both hypo and hypereu- 
tectic irons, the amount of calcium carbide and sulfur 
removed are linearly proportional down to approxi- 
mately 0.040 per cent sulfur. During this portion of 
the run, 4.5 lb of commercial calcium carbide (80 per 
cent CaC,, balance CaO) are required to remove | 
lb of sulfur. The theoretical ultimate for this grade of 
carbide is 2.5 lb per | Ib of sulfur removed. 

Figure 8 presents the relationship when multi-stage 
desulfurization is performed at 2600 F. Although the 
shape of the curve is similar to that at 2800 F, about 
one and one-half times as much carbide is required to 
accomplish the same degree of desulfurization. 

As previously mentioned, where a single injection 
is used, as is the case in actual practice, the efficiency 
is never as high as is possible with this multi-stage 
technique. Comparison of Figs. 5 and 7 show that the 
laboratory single-stage injection requires about 2.2 
times as much carbide as multi-stage injection. The 
closest approach in foundry operations to the more 
efficient multi-stage technique is the continuous fore- 
hearth injection.5.6 This consists of a continuous 
introduction of carbide and metal into a vessel having 
two reaction chambers and a settling chamber sep- 
arated by suitable baffles. The flow of metal through 
the apparatus continuously brings high sulfur metal 
directly into contact with the carbide. Temperature 
loss is much less of a problem in this system, and 
therefore, a slow carbide feed rate with an optimum 
solid to gas ratio may be employed with accompany- 
ing increased desulfurization efficiency: 


Effect of Desulfurization on Microstructure and Strength 

Boyles? found that the addition of sulfur to pure 
iron-carbon-silicon alloys changed the graphite from 
types D and E to A, and increased flake size up to a 
maximum when the sulfur content was raised to be- 
tween 0.076 and 0.161 per cent S; the matrix was 
rendered fully pearlitic. The most marked change in 
both graphite form and matrix composition occurred 
at 0.018 per cent sulfur. 

It is interesting to note that desulfurization of low 
manganese hypereutectic melts (Heat No. 689 and 
691) shows the same effect at the same sulfur level. 
By starting with a high melt-in sulfur and progres- 
sively desulfurizing, the change from large A flakes to 
finer D graphite, along with a decreasing amount of 
pearlite, is evident in Fig. 9. This confirms Boyles’ 
(op. cit.) observations, although the various sulfur 
levels were approached from opposite directions. 

One hypoeutectic induction heat (Heat No. 712) 
was injected with graphite to give an initial flake 
structure similar to that of normal cupola gray iron, 
then desulfurized by the multi-stage method. Again, 
the change from large A to the smaller type D graph- 
ite form was noted. Unfortunately, this heat and an- 
other hypoeutectic heat desulfurized in a similar man- 
ner, were relatively high in manganese which tends to 
nullify the carbide stabilizing effect of sulfur. They, 
therefore, did not show any clear-cut tendency in their 
matrices. 

No pronounced changes in the tensile strengths 
were noted with these desulfurized specimens until a 
level of about 0.010 to 0.030 per cent sulfur was 
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Fig. 9— Change in microstructure with progressive desul- jection. Completely pearlitic, Type “A” graphite. 
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B— Melt desulturized to 0.064% S by calcium carbide in- matrix, Type “D” graphite. 
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reached. Here the strengths of the hypo and hypereu- 
tectic samples made a definite upswing, Fig. 10. It 
was also in this sulfur range that the abrupt change 
in microstructure occurred for both the hypo and 
hypereutectic heats. 


Gas Content 

Nitrogen and oxygen vacuum fusion determinations 
were run on cast iron samples that were desulfurized 
with calcium carbide to various levels. These two 
gases were of interest because: (1) nitrogen usually is 
used as the carrier gas, and (2) calcium carbide is 
generally thought of as a good deoxidant. Practically 
all of the nitrogen values in the cast metal were in 
an 0.002 to 0.005 weight per cent range. Although 
nitrogen was used as the injection gas, there was no 
tendency of the melt to acquire nitrogen even though 
multiple injections were made. 

At present, there are insufficient data to draw any 
definite conclusions as to a correlation between oxy- 
gen content of cast iron and the amount of calcium 
carbide employed. A maximum variation of 0.0003 
to 0.012 per cent oxygen has been determined. These 
figures agree with Bach,® who in a survey of British 
industrial practice, recorded values between 0.0004 
and 0.010 per cent. However, in the present calcium 
carbide injection practice, the holding time between 
injection and pouring was rather long, and some re- 
oxidation of the melt to its former level was possible. 


Summary 

The injection of calcium carbide into cast irons by 
means of a carrier gas is an easy, clean method of 
desulfurizing. The reaction is quite rapid, and so is 
the rate at which the waste products clear a 500-lb 
bath. 

Desulfurization can be accomplished on low sulfur 
metal, although the efficiency of the reaction is better 
at the higher melt-in sulfur values. Temperature also 
effects the efficiency of the reaction, but this by no 
means precludes desulfurization at temperatures as 
low as 2300 to 2400 F. 

When CaC, is injected by the multi-stage tech- 
nique, very efficient reagent utilization is obtained. 
The microstructures of these desulfurized samples 
show an increase in matrix ferrite and a trend to a 
fine, compacted type D graphite at low sulfur vaiues. 
A plot of the ultimate tensile strengths shows a 
definite break in the same sulfur range where the 
greatest change in microstructure took place. 

The nitrogen in the induction melted cast irons was 
found to be 0.002 per cent to 0.005 per cent. Calcium 
carbide injection with nitrogen carrier gas did not 
change the nitrogen content from these limits. 
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DISCUSSION 


Chairman: J. S. VANIcK, International Nickel Co., Inc., New 
York. 
Co-Chairman: §. C. Massari, Hansell-Elcock Co., Chicago. 


H. W. Lownie, Jr.:1 Figure 10 shows that the irons the author 
was dealing with showed a large increase in tensile strength 
when the microstructure changed from random graphite flakes 
above 0.02 per cent sulfur to “modified” or “undercooled” 
graphite structure below 0.02 per cent sulfur. It appears from 
this that the increase in tensile strength was caused by the 
change in graphite structure. The “modified” or “undercooled” 
structure is often categorically condemned as being undesirable, 
but the present work shows that the “undesirable” modified 
structure produced a higher tensile strength than the same iron 
with a “desirable” random distribution of graphite. I have 
observed this in other irons and the same behavior can be seen 
in other published work. 

Would the authors agree that their results confirm the fact 
that “modified” graphite cannot be arbitrarily condemned for 
all applications? In asking this question I recognize that modi- 
fied graphite is very bad when special properties (especially 
wear resistance) are concerned, as in much automotive work, 
but I also recognize that there are applications where tensile 
strength is of more interest than wear resistance. 

Co-Chairman Massari: Would the authors give us some idea 
of the cost per ton to desulfurize gray iron by this method? 


T. E. Eacan2 (Written Discussion): The first part of Dahm, 
Barnes and Bieniosek’s paper* covers desulphurizing of gray 
iron by the use of calcium carbide. The results reported were 
obtained from actual tests made in a foundry or foundries. Such 
tests, of course, are subject to all the vagaries found in foundry 
operations. DeHuff and Schneidewind, on the other hand, report 
the results obtained from induction-melted heats where every- 
thing can be held under good control. Those two papers supple- 
ment each other; therefore, I would prefer to discuss them 
together. 

In Fig. A, I have plotted the results shown in Table 1 of the 
Dahm, et al paper, the calculated results taken from Fig. 5 of 
the DeHuff and Schneidewind paper, and some results obtained 
by the writer, as the efficiency of sulphur removal (Per cent of 
Sulphur Removed) against pounds of carbide added per ton of 
metal. The curve shown for the DeHuff and Schneidewind tests 
is the average of all the results obtained. 

The DeHuff and Schneidewind work was done under labora- 
tory controllable conditions and should indicate the ultimate 
that we should expect by blowing carbide into iron to remove 
sulphur. The scatter of points indicates that we should expect 
rather erratic results in per cent of sulphur removed. Also, there 
is a good indication that we should not expect an average of 
more than 82 per cent efficiency of sulphur removal and to get 
this efficiency, we must add over 25 lb of carbide per ton of 
metal. 

There are too few results shown in the Dahm, et al paper to 
give a true indication of what happens under foundry conditions; 
a straight line is drawn to indicate the trend in this case, which 


1. Battelle Memorial Institute, Columbus, Ohio. 
2. Chief Research Metallurgist, Cooper-Bessemer Corp., Grove City, Pa. 


*See ‘‘Fluidization-Injection Process for Desulphurizing and Upgrading 
Cast Iron,” p. 511 in this volume. 
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no doubt is incorrect in the light of the work of DeHuff and 
Schneidewind. However, the results indicate that in general we 
can expect the efficiency of sulphur removal in actual foundry 
heats to be somewhat less than we can obtain under laboratory 
conditions. 

The black dots (Fig. A) indicate the efficiency of sulphur re- 
moval obtained in trying to desulphurize 8000 lb of metal in the 
ladle at our Mount Vernon foundry. It will be seen that the 
results shown are centered around 10 Ib of carbide per ton of 
metal is that this was all that we are able to get into the ladle 
in the time we could let it stand. 

It must not be forgotten that time is an important element in 
handling gray iron in any foundry. It also takes time to allow 
contact of the carbide and the sulphur in the metal in order to 
get efficient removal. This time is not usually available. Therefore, 
the alternate is to add an ounce of carbide with the hope that 
by doing so we can achieve the same end. 

For example, if we have 8000 Ib of metal in a ladle with a 
sulphur content of 0.10 per cent and wish to get our sulphur 
down below 0.02 per cent from the curves of Dahm, et al, we 
should add somewhere between 30 and 40 lb of carbide per ton 
of metal. This is a large amount of carbide to add with one dis- 
penser and one lance. Our experience has been that we could 
not add more than 15 lb per minute without blowing iron out 
of the ladle. At this rate, it would take between 8 and 10 minutes 
to do so. Because of the temperature drop and interference with 
other metal being poured, this time is usually considered too long. 

The removal of sulphur to a low per cent in acid melted cupola 
iron is ideal for the foundry which casts the majority of its 
castings in gray iron. However, these papers indicate that much 
work should be done along the lines of obtaining better control 
over the amount of sulphur removed and to doing the desulphuri- 
zation in as short a time as possible. 

As a further comment, it would be well for both papers to in- 
dicate whether the temperatures shown were taken optically or 
by thermocouple immersion. 


T. H. Burke’ (Written Discussion): The authors of this paper 
have presented an excellent paper on this timely and effective 
process and are to be complimented. 

This discussor has had some experience with this process. In 
general the points brought out by the authors are corroborated 
in the following discussion. 

As our cupola operation is somewhat different than that usually 
employed, a short description thereof is deemed in order. 

The iron for both procedures is melted in cupolas lined with 
siliceous or “acid” refractories to 72-in. diameter in the stack, and 
increases from 63 to 66 in. at the tuyeres through the melting 
and superheating zones to the stack diameter. 

The front slagging or continuous tap operation was employed 
as it is our usual practice. In addition, the iron from the “spout 
well” flows into a desulphurizing box at the end of the spout 
where it receives a shower of dense soda ash in granular form. 
The ash is fed at the rate of 5 lb per ton from a hopper slightly 
above the charging floor level. It is controlled by a damper in 


3. Works Metallurgist, Worthington Corp., Buffalo, N. Y. 


the feed pipe having a 5/8-in. diameter hole. This controls the 
rate of feed. The ash is carried below the iron level in the box 
by the stream of iron. Then it rises to form a covering for the 
iron in the box. The spent soda ash slag finds exit automatically 
from the box into a pipe flushed with water and hence into a 
sump. The partially desulphurized iron flows through an open- 
ing into a well chamber attached directly to the box where it is 
received by a runner directing it to a reversible tilting spout and 
then into receiving ladles. 

The iron flows into and out of the box at very close to 540 Ib 
per minute. The partial desulphurization is quite rapid and effi- 
cient. The iron emerges from the cupola containing sulphur from 
0.12 to .15 per cent and from the box from 0.07 to 0.09 per cent 
approximately a 41.0 per cent reduction. 

The removal of sulphur from the iron by the carbide injec- 
tion method as practiced in the Buffalo Works of the Worthington 
Corp. is therefore somewhat of a supplementary process. The 
cupola charges for the iron to be “up graded” were composed as 
shown: . 

550 1b Rail steel 
530 1b Foundry returns (No. 2 iron) 
200 1b Malleable pig 
700 Ib Automotive steel (chassis frames and wheels ex- 
cluded) 
55 1b Silvery iron 15.0% silicon 
51b Silicon briquets 
9lb Manganese briquets 

1999 Ib 

The sulphur contained in this charge should run theoretically 
0.055 to 0.065 or 0.06 per cent average. During the period that 
the iron is in contact with the coke, some 6 to 9 points are ab- 
sorbed. Our coke ratio being | to 6 to insure hot iron usually 
2880 F in the spout well and 2820 F as leaving the tilting spout, 
some 60 F being dissipated in passing through the box. 

Table A will give the chemistry of the iron for “up grading” 
in the three stages of processing: (1) before desulphurization, 
(2) as desulphurized in box with soda ash and (3) subsequent 
treatment with carbide of calcium injected by nitrogen gas as a 
carrier. 


‘TABLE A — ANALYSIS OF IRON FOR UPGRADING 
(1) (2) (3) 








Total Carbon, % 3.05 3.06 3.05 
Silicon, % 1.09 1.07 1.22 
Sulphur, % 0.15 0.091 0.020 
Phosphorus, % 0.08 0.08 0.80 
Manganese, %, 0.76 0.76 0.78 
Chromium, % 0.12 0.09 0.08 
Nickel, % 0.16 0.12 0.13 
Molybdenum, % 0.05 0.03 0.05 
Copper, % 0.08 0.08 0.08 





The iron of (2) chemistry was subjected to injection with 
calcium carbide. For 8000 lb of iron using 100 Ib calcium carbide 
and 35 cu ft of nitrogen gas, sulphur was reduced approximately 
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77 per cent or from 0.091 to 0.020 per cent during the 10-minute 
injection period. 

The lower the initial sulphur, the more calcium carbide is re- 
quired to desulphurize to within the 0.015-0.020 per cent range 
and simultaneously the amount of nitrogen gas is increased. 

The injection in general conformed to the pattern described 
as follows: When approximately 2000 Ib of iron was in the ladle, 
the carbon injection tube was inserted below its surface and the 
flow of carbide and nitrogen started. The rate of flow was grad- 
ually increased as the depth of iron increased. In 10 minutes the 
required amount of carbide was injected. At this stage the iron 
was covered with a thick, dry slag which was easily removed. 
The iron was very fluid and its temperature maintained and 
the pourings very. successful. 

Table B will show the mechanical properties before and after 
injection. Results were obtained on a 1.2-in. diam. bar. 


TABLE B — TEsT PROPERTIES 








Impact, 
Tensile, psi Transverse Deflection Brinell ft-lb 
Before 49800 $200 32 255 15 
After 55100 3400 35 241 27 





Table A shows the chemistry before and after treatment. The 
results obtained in preparing the special iron for conversion to 
ductile iron are now presented. 

The cupola charges were composed as follows: 

900 lb Special pig 
1000 1b Low Mn steel scrap 
1001lb 15.5% silicon 
2000 Ib Silvery iron 
The chemistry involved is shown in Table C. 


TABLE C — ANALYSIS OF IRONS AT VARIOUS STAGES 








(1) (2) (3) 
Total Carbon, % 3.48 3.46 3.46 
Silicon, % 1.04 1.07 2.37 
Sulphur, % 0.08 0.011 0.008 
Phosphorus, % 0.035 0.038 0.057 
Manganese, %, 0.26 0.38 0.38 
Chromium, % 0.04 0.05 0.05 
Nickel, % 0.02 0.03 0.75 
Molybdenum, % 0.02 0.01 0.01 
Magnesium, % 0.022 - 0.082 
Titanium, % 0.023 - 0.026 
Copper, % 0.16 0.16 0.18 


(1) =Iron from desulphurizing box. 

(2) =After carbide injection 8 minutes — 354 CaC, per ton plus 
35 cu ft No/ton. 

(3) =Final nodularization with Ni-Mg and 75% Ferro-silicon. 





The injection of carbide reduced the sulphur from 0.80% to 
.011%—some 80%. 

The iron was hot and fluid after the treatment but a drop in 
temperature was noticed after nodularization. This however, did 
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not affect our pourings as the castings were of sections over 11 in. 
in thickness and weighed approximately 1200 Ib. 
The mechanical properties are as follows: 


(1) (2) 
Tensile Strength, psi 109500 66000 
Yield Strength, psi 69500 49000 
Elongation, % in 2 in. 5.0 21.0 
Brinell, Bhn 255 135 


(1) =As-cast. 
(2) —Heat treated 1600 F for 4 hr; cooled to 1200 F and held 6 
hr and cooled to 500 F. in furnace. 


The results obtained in “up grading” and preparing iron for 
conversion of the graphite to spheroidal form are very gratify- 
ing. The process of carbide injection is simple and effective as 
the above results indicate. With a little practice, the relations 
between initial sulphur contents in the iron and the carbide-gas 
ratios can be established. Too much solid to gas causes plugging 
of the tube, while too little does not effect an efficient reaction. 
However, with low initial sulphurs, more carbide will be required. 
The temperature and fluidity of the iron are important; as a 
general rule the higher the temperature the more efficient is the 
reaction. The method is very economical and effective in the re- 
moval of sulphur from iron melted in cupolas lined with “acid” 
refractories. It may, however, be applied to iron from “basic” 
cupolas for conditions requiring very low sulphur content with- 
out having to resort to high basic slags in the cupola and this 
of course has its advantages. 


Mr. DeHurF (Authors’ Reply): The authors wish to thank the 
discussors for their interest in the paper as indicated by their 
comments and will try to answer each in turn. 

We agree with Mr. Lownie. 

The major cost involved is that of the CaCy, which is about 
$0.07 per Ib. In the higher sulfur ranges, a 10 to 1 carbide to 
pounds of sulfur removed ratio is a fair estimate, while in the 
lower ranges 15 to 1 is more applicable. In addition, there are 
the injection tube and gas costs. On a per ton basis, these will 
vary with the size of the ladles treated but will generally equal 
5 to 20 per cent of the carbide cost. 

Mr. Eagan’s plot of desulfurization data is an extremely 
interesting one. However, it does not take into account the 
variation in starting sulfurs for our heats which affects the 
efficiency of the process to some degree and would account for 
a considerable portion of the scatter. For instance, Fig. 7 shows 
the deviation from linearity that occurs in the lower sulfur 
ranges. 

Mr. Eagan is quite correct in pointing out the desirability of 
reducing the time that it is necessary to hold up the ladle. 
The procedure of injecting while filling the ladle was described 
in the paper and is one possible answer; another, is to allow 
more freeboard and increase the injection rate. Both of the fore- 
going have their limitations, however. 

With respect to temperature measurement, the bulk of read- 
ings were optical, checked at least once during the heat with 
an immersion thermocouple. Agreement was within 50 F. 

The examples of the applications of the carbide injection 
process as reported in some detail by Mr. Burke are both 
illuminating and encouraging. 





— 





INCREASING CARBON CONTENT OF CAST 
IRONS BY LADLE INJECTION 


By 


G. E. Spangler* and R. Schneidewind** 


Carbon content of acid cupola irons is controlled 
by the nature of the metallic charge, the coke ratio, 
the quality of the coke used, the amount of blast, and 
by variations in cupola operation, such as changing 
the height of the coke bed or by the use of a hot blast. 
The amount of carbon absorbed by the iron during 
its passage through the cupola can be approximated 
by the well-known Levi! formula which reads: 


%C at the spout = 2.4 +- (4) in the charge — 


(“eee + =. ) at the spout 

Although this expression is reasonably accurate over 
a wide range of conditions, it must be pointed out that 
the arbitrary constant 2.4, will vary with temperature, 
reactivity of the coke, and many other factors. 

In the average foundry where cupola operations 
have been standardized, the control of carbon content 
is generally secured by the proportion of pig iron 
charged. During the war and in the post-war period, 
coke of good quality was not always obtainable, and 
foundrymen found it difficult to procure adequate 
quantities of pig iron. Many schemes were used in an 
attempt to maintain uniform spout compositions. Sili- 
con carbide or calcium carbide in lump form were 
placed in the coke bed. Graphite electrodes or carbon 
blocks were similarly used. Despite these methods, 
many foundrymen experienced trouble in securing 
uniformly desirable results day by day. 

Ladle treatments with Mexican graphite usually 
result in negligible pick-up. This problem has ade- 
quately been discussed by Pearce? and by Angus.* The 
latter states, “Carbon in the form of graphite is quite 
frequently used as a mild inoculant for the control of 
chill, but it is very difficult to obtain a pick-up in 
the ladle of greater than about 0.1 to 0.15 per cent. 
Additions of fine graphite to the ladle are likely to 
produce a considerable amount of dirt, both in the 
foundry itself by air flotation, and also in the ladle as 
scum.” 


*Air Reduction Research Laboratories, Murray Hill, N. J. 
**University of Michigan, Ann Arbor, Mich. 
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It will be shown in this paper that carbon can be 
introduced in molten cast irons in a ladle or a fore- 
hearth by the injection process. Increases of up to 1.0 
per cent carbon have been made consistently in three 
minutes or less. Efficiencies of recovery have ranged 
from 50 to 100 per cent, depending upon the purity 
and physical nature of the carbon, and the tempera- 
ture at which injection is carried out. 


Procedure of Injection 

Batches of carbon in the form of electric-furnace 
graphite, coke, anthracite coal, petroleum coke, and 
other varieties were prepared in the size range of 
minus 20 plus 100 mesh. Chemical analyses were 
made to determine the ash content, the proportion 
of volatile material, and the amount of fixed carbon. 

The various types of carbon were injected either 
alone or as mixtures with calcium carbide into molten 
irons held in a 500-lb high-frequency induction fur- 
nace. The injection rate was 4 lb of carbon per min- 
ute; nitrogen gas was used as a carrier and was sup- 
plied at 1.25 cu ft per min (75 cu ft per hr). 


When injection was completed, samples were poured 
for determining chill and composition, and 1-in. keel 
blocks were poured for mechanical properties and 
microstructure. 


Recovery of Carbon After Injection in 
the Induction Furnace 
Table 1 shows the compositions of a typical group of 
irons prior to and after injection. The quantity and 
type of carbon used is given. All the carbon in each 
case was introduced in from 30 sec to less than 3 min. 


The results indicate that highest recoveries were 
obtained with electric-furnace graphite. Even when 
based upon fixed carbon only, the other forms of 
carbon exhibited lower recovery values as the amount 
of ash and volatile material increased. Some ma- 
terials containing significant proportions of volatile 
matter appear to be unsuitable commercially because 
of the violence of reaction when injected. 


The efficiency of carbon injection could be approx- 
imated visually by observing the amount of unre- 
acted carbon floating to the surface of the melt during 
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injection. When electric-furnace graphite was in- 
jected, faint patches of a solid carbon film were 
sometimes visible at the edge of the vessel. These 
disappeared in a few seconds, presumably by going 
into solution. Some of the less efficiently absorbable 
forms of carbon showed much larger quantities of un- 
reacted material floating to the surface. 

Three of the factors contributing to a high rate of 
carbon absorption by the injection process may be 
suggested as follows: 

1. The carbon is introduced below the surface of the 
liquid iron where there is a minimum chance for 
contact with acid slags, which tend to wet carbon and 
to form a film over it. 

2. The carbon particles are injected into the melt 
with good mixing. 

3. The relatively small size of particles offers a 
large surface area to the iron. The size range used in 
this work and in the foundries where the process has 
been tested is minus 20 mesh. If it is assumed that the 
average particle is spherical and is of 50-mesh size 
(diameter = 0.0117 in.), 1 lb of graphite will have a 
surface area of greater than 5,680 sq in. 


Recovery of Carbon After Injection in the Ladle 

The injections just described were made at 2800 F 
in an induction furnace where a condition of stirring 
exists. It was felt desirable to conduct carbon injec- 


LADLE INJECTION OF Gray Cast IRONS 


tions in a ladle to simulate plant conditions more 
closely. The melts were superheated to 2800 F and 
transferred to a ladle where carbon was injected at 
temperatures between 2650 and 2700 F. 

Table 2 presents the results of representative heats 
injected with carbon in the ladle. The efficiency of 
carbon recovery is somewhat lower under these ladle 
conditions, and the desirability of using a carbon, 
such as electric furnace graphite, which has a rapid 
rate of solution, is emphasized. 

Recovery of Carbon Under Foundry Conditions 

Experimental work on carbon injection was con- 
ducted on acid-cupola iron in 800-, 1200-, and 2000-Ib 
horizontal cylindrical crane ladles in a large foundry. 
A batch feeder was used in these tests with 9 to 12 in. 
of immersion of the injection tube. Some of the irons 
were plain and others contained alloys. Runs were 
made to determine the effects of feed rate of carbon, 
the quantity of carbon injected, and the particle 
size. It was found that for injection periods of less 
than four minutes, up to 0.48 per cent C was picked 
up by the cast iron in a 2000-Ib ladle at 2600 to 2700 F. 

Table 3 summarizes representative date of the heats 
made at this foundry. It may be seen that these data 
show approximately a 50 per cent recovery of carbon. 
The efficiency was found to be relatively insensitive 
to the variables mentioned above, within the range of 
conditions of these tests. 


Tas_e | — Cast Irons INJECTED WITH CARBON IN A Basic-LiNeD INDUCTION FURNACE 





Effi- Chill Depth, 








Heat %C Type Temp., %OC CE %C CE. ciency 1/32 in. U.TSS., psi BHN 
No. Added Carbon F %Si Before Before After After % Before After Before After Before After 
1 0.55 Graphite 2800 1.88 3.11 3.77 3.60 4.26 89 24 4 $1,400 22,200 201 152 
2 0.55 Graphite 2770 1.85 3.16 3.81 3.69 4.34 96 24 2 31,700 21,800 197 143 
3 0.488 Graphite 2600 2.07 2.69 3.42 3.14 3.87 92 4 2 = 37,650 _ 192 
4 1.00 Graphite 2800 1.36 2.98 3.48 4.05 4.53 100 42 8 — 25,200 _ 161 
5 0.76 Graphite 2750 1.39 2.79 3.29 3.48 $3.97 91 50 6 _ $2,500 _ 174 
6 0.562 Gas Coke 2800 1.95 2.94 3.64 3.25 $3.94 60 16 4 — 41,700 — 207 
7 1.05 Baked Pet. 2800 2.14 2.84 3.59 3.51 428 64 16 4 36,600 28,400 217 174 
Coke 
8 0.50 Baked Pet. 2700 1.89 3.15 3.78 3.36 4.00 44 38 8 33,900 32,250 187 170 
Coke 
9 0.55 Calcined 2610 1.96 2.93 3.62 3.03 $.72 31 28 3 40,000 38,600 193 205 
Anthracite 
10 0.55 Calcined 2600 1.98 3.03 3.72 3.31 4.00 57 26 1 34,650 31,900 197 174 
Anthracite 
11 0.50 Wood Char- 2800 2.20 2.88 3.64 3.15 $93 72 12 4 _ 44,200 - 201 
coal 


Mesh Size—20 x 100 


500-Ilb heats, induction furnace 
Efficiencies based upon fixed carbon 


Feed Rate—4 Ib. carbon/minute 





Tascie 2— Cast Irons MELTED IN A Basic-LINED INDUCTION AND INJECTED WITH CARBON IN AN AcID-LINED LADLE 








Chill Depth 
Test %C Type Temp., %C C.E. %C C.E. Efii- Yo in. 
No. Added Carbon oF %S Before Before After After ciency,% Before After 
1 0.50 Graphite 2690 2.15 3.36 4.11 3.72 4.47 72 10 1 
2 0.50 Graphite 2550 1.77 3.50 4.17 3.76 4.37 52 8 2 
3 0.30 Graphite 2680 2.35 3.44 4.27 3.65 4.48 70 9 2 
4 0.50 Baked Coal* 2660 2.09 2.94 3.68 3.33 4.06 84 19 0 
5 0.50 Baked Coal* 2730 2.09 2.96 3.69 3.23 3.96 56 19 5 
6 0.50 Graphite 2740 2.11 2.89 3.63 3.28 4.01 78 16 4 
7 0.50 Graphite 2680 1.97 2.87 3.56 3.36 4.05 98 27 1 
8 0.50 Graphite 2660 1.96 2.87 3.56 3.29 3.98 83 29 2 


*Baked coal was processed by heating it to 1200°F for four 
hours for the purpose of driving off most of the volatile 
matter. 


500-lb heats, induction furnace 

Feed Rate — 4 lb of carbon per minute 

Mesh Size — 20x 100 

Ladle — 500 Ib, lined with 80% AloO, — 20% SiO. 
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Tasie 3— Cast Irons MELTED IN AN Acip CUPOLA AND INJECTED WITH CARBON IN Acip-LINED LADLEs 








Effi- Chill Depth U.TS., 
Wt.of %C* Feed Graphite %C C.E. %C CE. ciency, Yin. psi BHN 

No. Iron Added Rate Mesh % Si Before Before After After % Before After Before After Before After 
1 700 «60.90 8400 20x100 209 332 405 366 439 36 7 2 35,300 24,300 183 144 
2 790 O20 400 220x100 218 318 394 3.37 413 95 S.-% 38,000 34,100 197 172 
3 1725 1.04 535. 220x300 222 337 4+414 S88 457 41 —--— — — — _ 
4 1850 0.27 5.35 220x100 222 342 419 350 427 6 — — — — — _ 
5 1280 0.39 4.00 —40 2.30 3.41 4.21 3.57 4.37 41 4 2 — — — _ 
6 1070 = 0.47 4.00 —40 2.09 3.37 410 360 433 49 2 1 — — _ _ 
7 1160 043 400 35x 40 230 3.28 408 359 439 72 4 2 — — —_ _ 
8 1180 042 400 35x 40 209 338 4.11 3.60 4.33 52 4 2 — — _— _ 
9 1420 0.35 325 220x100 2.17 3.41 417 $62 438 60 ia. — — _ _ 
10 1620 = 0.31 $3.25 20x100 200 3.33 4.03 3.50 4.20 55 6 2 — — _ — 
ll 1890 = 0.21 400 220x100 200 316 386 3.28 $98 57 — — 42,400 35,600 197 187 
12 1840 0.44 4.00 20x100 200 3.06 3.76 3.31 4.01 5s — — 39,000 30,100 199 156 
13 1590 0.15 4.00 20 x 100 2.18 3.20 3.96 $.32 4.08 80 9 6 42,300 39,300 207 197 
14 1170 «60.82 «©6400 220x100 2.18 3.24 400 3.65 4.31 50 .: 2 38,400 22,100 192 149 


Silicon contents based upon control silicon analyses 
Late FeSi added prior to injection in all cases 
P— 0.10% S— 0.08%, Mn — 0.70% Nominal Analyses 


Acid Cupola, Balanced Blast 
Injection Temperature 2600-2700 F 
*All injected carbon used was electric furnace graphite 





TABLE 4 — Cast IRoNs MELTED IN BotH Acip AND Basic CuPpoLas 
AND INJECTED WITH CARBON IN Acip-LINED LADLES 





Chill Depth 











% C* %C CE. %C CE. Effi- Yo in. 
No. % Si Added Before Before After After ciency,% Before After Cupola 
1 1.60 0.30 3.57 4.10 3.75 4.28 Sa 0 Acid & Basic 
2 1.43 0.30 3.44 3.92 3.71 4.19 90 12 0 Acid & Basic 
8 151 0.37 3.30 3.80 3.62 4.12 87 3 2 Basic 
4 1.40 0.40 3.36 3.83 3.76 4.23 100 4 2 Basic 
5 1.42 0.29 3.42 3.89 3.69 4.16 94 7 2 Basic 
6 1.44 0.29 3.44 3.92 3.67 4.15 80 5 8 Basic 
7 1.70 0.40 3.30 3.87 3.54 4.11 60 3 3 Acid 
8 1.65 0.40 3.30 3.85 3.59 4.14 72 4 1 Acid 
9 1.70 0.40 3.34 3.91 3.59 4.16 62 7 4 Acid 


Ladle Weight — 3500 Ib 
Injection temperature 2650-2750 F 
Graphite Mesh Size — 20 x 100 


Feed Rate — 5.35 Ilb/min 
Late FeSi added prior to injection in all cases 
*All injected carbon used was electric furnace graphite 





In another large foundry, carbon injections were 
carried out in 3500-lb ladles, using a batch feeder 
with 18 in. of immersion of the injection tube. Irons 
from both acid and basic cupolas were treated. Table 
4 summarizes representative data of the heats made 
at this foundry. These results show a somewhat higher 
efficiency of carbon recovery than those of Table 3. 
This can probably be explained by the greater depth 
of immersion, the lower initial carbon equivalents of 
these irons, and other factors. 


Effect of Injected Carbon on Mechanical Properties 

Two important questions arise regarding irons into 
which carbon has been injected. First, is the quality of 
the iron so produced equivalent to that of normal 
irons? Second, are the properties at a given composi- 
tion comparable to irons made by normal methods? 

One criterion used in this paper to compare gray 
iron properties is the well-known MacKenzie rela- 
tionship* involving the tensile strength and Brinell 
hardness. The equation of this expression is 
T = 1.82B1-85 where T is the tensile strength in 
pounds per square inch and B is the Brinell hardness. 
At any given strength level, if the iron is appreciably 
harder than indicated by the MacKenzie relationship, 
the iron is usually less desirable. If it is appreciably 
softer, the iron is considered better. The latter condi- 


tion is brought about frequently by judicious inocu- 
lation treatments. 

The other criterion is the relationship between 
ultimate tensile strength and the carbon equivalent. 
Many investigators5.6 have studied this behavior for 
different sized, sand cast bars. 

Figure 1 shows the tensile-Brinell relationship for 
71 heats of unalloyed iron made in a 500-lb high- 
frequency induction furnace at the authors’ labora- 
tories and 22 heats made in a similar type furnace by 
Burgess and Bishop.7 None of these was alloyed or 
inoculated. It is evident that at Brinell hardness levels 
above about 180, uninoculated induction heats de- 
viate unfavorably from the MacKenzie average. 

Figure 2 presents the strength-hardness relationship 
for a group of inoculated, unalloyed irons. Of these, 
97 were melted in a high-frequency induction furnace 
and inoculated with 75 per cent ferrosilicon; six were 
melted in an induction furnace and inoculated with 
calcium silicide; and 36 were melted in an induction 
furnace and treated with an alloy containing silicon, 
manganese, and zirconium. The last group was re- 
ported by Burgess and Bishop.?7 The results indicate 
that inoculation raises the strength level on an average 
from 5000 to 7000 psi at all hardness values from 70 
to 260 Brinell. Comparison of Fig. 1 and 2 leads to 
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Fig. 1 — Strength-hardness relation of uninoculated induction- 
melted irons. 
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Fig. 3 — Strength-hardness relation of irons into which carbon 
was injected. 
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Fig. 5 — Strength-carbon equivalent relation for inoculated 
induction-melted irons. 


the conclusion that harder irons benefit most by ladle 
inoculation. 

Figure 3 was prepared to determine the strength- 
hardness relationship for irons into which carbon had 
been injected. The amounts of carbon added in these 
heats varied from less than 0.2 per cent to over 1.2 
per cent. In some cases, carbon was the only ma- 
terial used, and in others a mixture of carbon and 
calcium carbide was used. Some heats were inocu- 
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Fig. 2— Strength-hardness relation of inoculated induction- 
melted irons. 
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Fig. 4— Strength-carbon equivalent relation for uninoculated 
induction-melted irons. 
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Fig. 6 —Strength-carbon equivalent relation for induction- 
melted irons injected with carbon both with and without 
inoculation. 


lated with late ferrosilicon after carbon injection, and 
some were not inoculated. The twelve foundry ladles 
were obtained from a balanced-blast acid-lined cupola 
and inoculated with 75 per cent ferrosilicon. An 
analysis of these data shows that there is little dif- 
ference between the various treatments; all four treat- 
ments give somewhat higher tensile strengths for a 
given hardness than is predicted by the MacKenzie 
relationship. 
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Comparison with Figs. 1 and 2 leads to the con- 
clusion that irons to which appreciable amounts of 
carbon have been added by injection have higher 
strength to hardness ratios than irons in which the 
carbon content was obtained by normal charge prac- 
tice. Irons which have been injected with carbon be- 
have more like ferrosilicon inoculated irons. Also, 
there appears to be practically no difference in prop- 
erties between inoculated induction furnace irons and 
good cupola irons. 

The second question is to determine whether or 
not the properties of a given composition are com- 
parable to irons made by normal methods. Figure 4 
is a plot of the tensile strength of 1-in. keel block 
sections of irons melted in a 500-Ib induction furnace 
as related to the carbon equivalent, i... %C -+- 
%Si +- %P 
a 
most of the points. As a guide, a predicted strength 
line was drawn for a 2-in. round bar according to the 
Schneidewind and McElwee® relationship. This bar 
size was chosen because cooling curve data indicated 
that 1l-in. keel blocks cool from the molten condition 
similarly to a 2-in. round bar. 

The plot shows that the strengths at the lower car- 
bon equivalents are lower than predicted by the 
Schneidewind-McElwee relationship.5 This behavior 
has previously been observed in unalloyed, uninocu- 
lated irons melted in induction furnaces. Such irons 
should respond well to inoculants. As the eutectic is 
approached, the irons behaved more normally. The 
hypereutectic irons are all quite weak, whether inocu- 
lated or not. 

Figure 5 presents data on keel block sections of in- 
duction-melted gray irons which have been inoculated 
with 75 per cent ferrosilicon or, in a few instances, 
with calcium silicide. The upper limit line has been 
raised approximately 7000 psi by inoculation. The 
data in the 4.0 to 4.3 carbon equivalent range do not 
show the same straight line relationship as developed 
by Schneidewind and McElwee;5 rather they are in 
agreement with the data of Angus, Dunn, and Mar- 
les® for 1.6- and 2.1-in. bars. 

Figure 6 summarizes the data on irons which have 
acquired 0.2 to over 1.2 per cent supplemental carbon 
by injection. The values fit quite well within the 
same limit lines as for the inoculated irons shown in 
Fig. 5, although the scatter of points is less, indicating 
greater uniformity in properties. 

Figure 7 was prepared with the same limit lines, 
dotted, as in Fig. 5. Tensile data from 1.2-in. diam. 
bars were plotted for: 

1. Irons poured from an acid-lined cupola and in- 
oculated with silicon 

2. The same irons poured after injection with var- 
ious quantities of carbon 

3. Induction-melted irons inoculated with a silicon- 
manganese-zirconium alloy reported by Burgess and 
Bishop.* 

The solid lines, which enclose all the points for 1.2- 
in. bars, are on the average 3000 psi higher than the 
dotted ones for 1-in. keel-block sections. Here again 
the carbon injected irons show strengths which are 


. Limit lines have been drawn enclosing 
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equivalent to the inoculated irons. 

The conclusions to be drawn from Figs. 4 to 7 are 
that irons melted in the cupola or high-frequency 
induction furnace and to which appreciable amounts 
of carbon have been added by injection are equiva- 
lent to normal cupola irons which have been suitably 
inoculated. Also, on the basis of composition, there 
seems to be practically no difference between cupola 
irons and induction irons after inoculation. 


Microstructure of Irons Treated With Carbon 

Metallographic examinations were conducted on 
the 59 heats plotted in Fig. 6. These heats were made 
in the laboratory in a high-frequency induction fur- 
nace and poured into 1-in. keel blocks. Structures of 
the 10 heats reported in Fig. 7 which were melted in 
a foundry using a balanced-blast acid-lined cupola 
were similarly studied. All heats were treated with in- 
jected carbon, either alone or in combination with 
calcium carbide or ferrosilicon or both. The composi- 
tions covered a wide range, from a carbon equivalent 
of 3.7 to 5.0 

The graphite pattern was found to be predom- 
inantly Type A, as is shown in the following summary: 


Graphite Number of Per cent of 
Type Heats Heats 
A 64* 92.75 
B I 1.45 
Cc 2 2.90 
D 2 2.90 
E o* 0 


*In some cases Type E graphite was found as a minor part of 

the graphite structure mixed with Type A. 

These findings indicate a pronounced tendency for 
injected carbon to produce Type A graphite in a large 
number of runs having a wide range of composition. 

The matrix studies revealed an unexpected degree 
of pearlite stability in carbon-injected irons. The fol- 
lowing summary is presented showing the matrix 
structures in l-in. keel block sections made in the 
laboratory and in 1.2-in. bars made under foundry 
conditions. 



































Pearlite Number of Per cent of 
in Matrix, % Heats Heats 
100 50 72.4 
95-99 14 20.3 
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Fig. 7 — Strength-carbon equivalent relation for inoculated 
irons both with and without carbon injection. 
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TABLE 5 — MICROSTRUCTURES OF SOFT GRAY IRONS MADE WITH INJECTED CARBON* 








Where Late Tensile Graphite 
Made Silicon Strength __ Brinell Type& %Pear- Chill, 
%C %Si %Mn % Hardness Structure Size lite in. Bar 

Laboratory No 3.69 1.73 63 006 21700 143 Fig. 8a A-4 100 N46 lin. 
keel 

Laboratory Yes 3.75 1.98 63 005 18500 149 Fig. 8b A-5 100 46 lin. 
keel 

Foundry Yes 3.66 2.09 70 08 24300 144 Fig. 8c A 98 B 

Foundry Yes 3.65 2.18 70 .08 22100 149 Fig. 8d A 98 B 


*All injected carbon used was electric furnace graphite 





Fig. 8 — Microstructures of soft gray irons made with injected 
carbon (Table 5). Microstructures all contain Type A graphite 


In the irons containing 95 to 99 per cent pearlite, 
the ferrite appeared at the edges of Type A graphite 
rather than concentrated in patches of Type D 
graphite. This is unusual in that ferrite is frequently 
associated with Type D graphite in poorly inoculated 
irons, and at the corners of castings. Of the five heats 
in which 50 per cent or more ferrite was found, three 
of the irons contained only 0.22 per cent Mn and the 
other two had carbon equivalents approaching 5.0. 

The pearlitic structure was found even for samples 
which had low Brinell hardness and low tensile 
strength. Table 5 presents data showing this effect. 
The heats made in the laboratory had been desul- 








with 98-100% pearlitic matrix. Etch—2% Nital. Mag.— 
100X. 


furized with calcium carbide simultaneously with car- 
bon injection. The foundry irons were injected with 
carbon alone. It is to be noted that pearlitic structures 
were produced even when the Brinell hardness was 
143 and when the irons were eutectic or hypereutectic, 
and the cooling rate was as slow as that of a 1-in. keel 
block. Inoculation with silicon did not alter this be- 
havior. 

The structures of the irons reported in Table 5 are 
shown etched, at 100 magnification, in Fig. 8. 

Effect of Injected Carbon on Chill 

Data in Tables 1 to 4 show excellent reduction in 

chill for all irons injected with carbon. Part of this 
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reduction in chill can be ascribed to the over-all 
change in composition; however, the change in com- 
position cannot account completely for the remark- 
ably low chills found in irons such as No. 6, and No. 
14, Table 3. The change in chill of the No. 6 iron 
from 2/32 to 1/32 by carbon injection is probably 
more significant than the much larger chill reduction 
from 9/32 to 2/32 for the No. 14 iron. Furthermore, 
it should be emphasized that these chill reductions 
were obtained after the chill had already been re- 
duced by late ferrosilicon additions. 


Significance of Carbon Injection 


The experimental work done in the laboratory and 
in the foundry leads to the following tentative con- 
clusions: 

1. Carbon can be introduced into molten iron in a 
ladle or forehearth by the injection process. Sub- 
stantial and uniform increases in carbon can be at- 
tained from heat to heat by injection periods con- 
sistent with foundry production procedures. This prac- 
tice allows additional control of carbon content out- 
side of the cupola and permits the use of one base iron 
composition which can be altered at will by injection 
in the ladle to suit any particular casting. 

2. Calcium carbide can be injected simultaneously 
with carbon if it is desired to desulfurize at the same 
time. This combination makes possible the production 
of a 3.60 per cent C, low sulfur iron for nodular iron 
from a standard 3.30 per cent C, 0.10 per cent S$ 
cupola iron. Irons produced by this process are at 
least equal to those made in a basic cupola for nodu- 
lizing. 

3. Carbon-injected irons behave as normal gray irons 
with respect to the relationship of tensile strength 
with Brinell hardness and composition. 

4. Carbon-injected irons are equivalent in strength 
to inoculated irons. The tendency toward formation 
of Type D and E graphite is low. 

5. Completely pearlitic matrices have been pro- 
duced in hypo and hypereutectic compositions in keel 
block sections even when the Brinell hardness was as 
low as 143; this may be of interest where easy ma- 
chining and wear resistance are desired. 

6. Irons to which carbon has been injected have a 
lower chilling tendency than similar composition irons 
made by usual methods. 

7. Analysis of the data indicates that a greater de- 
gree of uniformity and predictability of properties is 
produced by carbon injection. 
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DISCUSSION 


Chairman: J. S. VANicK, International Nickel Co., Inc., New 
York. 
Co-Chairman: S. C. Massart, Hansell-Elcock Co., Chicago. 


S. F. Carrer! (Written Discussion): The injection method 
appears to offer the best possibility of a reliable method of 
increasing the carbon of a ladle of iron. 

In our few attempts we have increased carbon contents as 
much as 0.25 per cent by injection. However our recoveries 
have been in the range of 20 to 30 per cent which is much 
lower than the average in the paper. I would appreciate the 
opinions of the authors on the reasons for our lower efficiency. 

Our irons were in the temperature range of 2500 to 2600 F 
which is much lower than temperatures in the paper. I would 
expect poorer carburizing efficiency at lower temperatures. Our 
irons were acid cupola iron with 0.080 to 0.120 per cent sulfurs, 
presumably higher than many in the paper. Our irons were 
higher in phosphorus in the range of 0.50 to 0.60 per cent. 

I assume the phosphorus content of the irons in the paper 
to be in the range of 0.10 to 0.15 per cent. Is that correct? 
Phosphorus affects maximum carbon solubility which would 
affect efficiency as carbon saturation is approached. Do the 
authors have any data or ideas on higher phosphorus irons and 
effect of phosphorus on efficiency? 

It has been our experience that lower carbon irons re- 
carburize with better efficiency, and efficiency decreases as the 
saturation carbon content is reached. 

Sulfur content also has much effect on maximum carbon 
solubility. For that reason I consider the popular carbon 

Si + P 


equivalent formula (C + —"s to be inadequate for deter- 


mining carbon saturation limit. We have found by experiments 
varying sulfur content that an iron as low as 0.010 per cent 
sulfur can reach 4.20 per cent carbon or 5.00 carbon equivalent 
whereas at the same composition and temperature a 0.100 per 
cent sulfur iron is saturated at 3.60 per cent carbon or 4.40 C.E. 
and an iron with sulfur as high as 0.200 per cent was saturated 
at 3.20 per cent carbon or 4.00 C.E. 

I believe sulfur content should be included in considerations 
of carbon solubility. Quite possibly the low sulfur contents of 
the induction and basic cupola heats explain the generally 
better efficiency than the acid cupola irons with presumably 
higher sulfur content. 

I would also like to ask what loss of temperature is en- 
countered in the injection treatment. Temperature loss would 
be important on thin castings where increased carbon would be 
desirable. 

The authors are to be commended for their useful data and 
their contribution to metallurgical flexibility. 


E. A. Loria? (Written Discussion): Increasing the carbon con- 
tent of cast iron by ladle injection is a noteworthy accomplish- 
ment. This method could also be used to increase the silicon 
content of iron by the injection of fine ferrosilicon or silicon 
carbide and thereby achieve more effective inoculation. 

Have the authors any data on such work? Also, would they 
comment on the importance of the molten iron temperature on 


1. American Cast Iron Pipe Co., Birmingham, Ala. 
2. Crucible Steel Co. of America, Pittsburgh, Pa. 
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the amount of carbon pickup? Were chemical analyses obtained 
from samples poured at different intervals from the reservoir 
ladle? In other words was there a difference in carbon pickup 
between the first and last sample poured? 

The writer* has participated in the large scale injection of 
burnt lime or carbide with a BRI gun in 60-ton basic electric 
furnace heats to lower the sulfur content of smelter iron con- 
taining 0.65-1.25 per cent carbon and 0.45-0.65 per cent sulfur. 
Such a desulfurizing practice, injecting 400 lb of lime at a time 
with nitrogen as the pressure agent through a 114-in. diameter 
pipe, 20 ft long, proved satisfactory. Depending on the size of 
the heat and how fast the sulfur in the metal is dropping, from 
5 to 7 mixes go through the gun and the metal is tapped when 
it analyzes 0.06-0.07 per cent sulfur. The lime injection practice 
with nitrogen affords a sulfur drop from 450 to 30 Ib at tap, 
or roughly 110 Ib per hr. The writer can attest to the difficulties 
arising from the clogging of the pipe with feed material and the 
rapid consumption of the pipe before actually penetrating the 
metal bath. 

Have the authors tried plant air as the pressure medium 
rather than nitrogen, simply as an economic measure? In the 
aforementioned study this was done and reducing conditions in 
the melt were not appreciably affected despite the presence of 
oxygen in the injecting gas. An excellent heat made in a “hot 
furnace” showed the remarkable sulfur drop from 772 Ib to 
47 lb or 200 Ib per hr in the same total heat time, using plant 
air as the pressure agent. The idea of introducing oxygen, with 
the air injection method, into a strongly reducing atmosphere 
may have seemed contrary to established desulfurizing theory, 
but the results showed otherwise. 

The same fundamental desulfurizing reactions apply with the 
additional effect of oxygen at the slag-metal interface. Accord- 
ingly, the presence of iron oxide in the metal and at the slag- 
metal interface would be suspected with the instantaneous in- 
crease of iron oxide, its effect on calcium sulfide would tend to 
help reduce the sulfur level in the slag by increased evolution 
of sulfur dioxide. Generally, in basic electric steelmaking where 
a lower sulfur system is involved, as the iron oxide in the slag 
is lowered, the oxygen in the metal bath then approaches 
equilibrium with the carbon in the metal. Some oxygen may 
migrate to the slag-metal interface but the bulk of the excess 
oxygen would be removed by the carbon-oxygen reaction, form- 
ing carbon monoxide. 

V. A. Crossy:3 The statement was made by a foundryman 
that he was not able to obtain the same carbon recovery as 
reported in the paper where electric furnace carbon graphite 
was used by the authors. This foundryman used Mexican 


graphite. 
This difference in recovery could well be attributed to a 


3. Climax Molybdenum Co., Detroit, Mich. 


* E. A. Loria, “Sulphur Removal Studies in Basic Electric Furnace 
Melting,’ Blast Furnace and Steel Plant, vol. 43, p. 86 (January 1955). 
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difference in ash content of the two types of graphite. The 
Mexican graphite might contain from 3.00 to 14.00 per cent ash, 
while the electric furnace graphite would contain little or no 
ash. Our experience indicated that it was very difficult to 
obtain much carbon pickup with ash contents from 8.00 to 
14.00 per cent in the graphite or carbon used. 

MR. SPANGLER (Author's Reply): The authors are grateful for 
the comments made on this paper. In answer to Mr. Carter’s 
question, the irons shown in Table 4 contained 0.50 to 0.60 
per cent phosphorus and still showed high recoveries. I feel 
that the use of Mexican graphite (mentioned verbally at the 
meeting) rather than electric furnace graphite is the principal 
reason for the low recoveries attained by Mr. Carter. As Mr. 
Crosby states, the ash content of this type of graphite may be 
quite high and could lower the carbon recovery considerably. 
The use of electric furnace graphite is emphasized by the 
authors, particularly at lower temperatures of injection. We 
also have no data which show any significant effect of sulfur 
content on carbon recovery, within the normal range of sulfur 
content. 

There is some temperature loss with the injection, but this 
has not been evaluated definitely because of the difficulty of 
attaining a standard condition in field trials. The small Jabora- 
tory ladles would not be typical and would be very dependent 
upon the ladle preheat. In practice, with good hot ladles no 
difficulty was encountered in producing good castings. 

As Mr. Loria states, the injection process can be used to 
increase the silicon content by ladle injection of ferrosilicon. 
This has been investigated to some extent, and although good 
recovery was attained there was no evidence to indicate any 
more effective inoculation than by addition of ferrosilicon to 
the pouring stream. 

Temperature does not affect carbon pickup, particularly as 
evidenced by the less readily soluble forms of carbon in in- 
duction furnace heats where temperature could be held more or 
less constant. The electric furnace graphite, however, showed 
almost 100 per cent recovery under this condition down to 
2600 F. When the lower recoveries occurred in foundry ladles, 
it was again not possible to attain suitably controlled conditions 
so as to determine quantitatively the effect of temperature. 

In the laboratory and field data, carbon content did not 
appear to decrease with time after injection. 

Compressed air has been used successfully as a carrier gas 
for the injection of graphite. The authors, however, preferred 
to use nitrogen since many times a mixture of calcium carbide 
and graphite is suggested so as to simultaneously carburize and 
desulfurize the iron. In this case, the danger of moisture in 
plant air makes it preferable to use nitrogen. Since the cost 
of nitrogen for this process is low, it is often simpler to have 
a single source of carrier gas and permit the safe use of calcium 
carbide when desired. 

The authors wish to thank all the discussers for the interest 
shown by their comments. 
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NEW HIGH STRENGTH CAST IRONS 
PRODUCED BY INJECTION METHODS 


By 


J. W. Estes* and R. Schneidewind** 


Introduction 

The unique combination of low cost, exceptional 
castability, and wide range of useful properties makes 
gray cast iron the most important of all the cast 
structural metals. Many of the valuable properties of 
this alloy, such as low shrinkage, good machinability 
and wear resistance, are contributed directly by the 
graphite flakes which are formed during solidifica- 
tion of the casting. On the other hand, these flakes 
form a series of minute notches and seriously impair 
the tensile properties of the steel-like matrix. In 
certain applications where high tensile strength, duc- 
tility, and resistance to impact is required, the de- 
signer must often rule out the use of cast iron and 
choose tougher products such as malleable irons, cast 
steels, forgings or steel weldments. 

To keep pace with the growing requirements of 
structural materials, the cast iron foundry industry 
has continually sought to improve its products by in- 
vestigating the causes of structure and property var- 
iations and by evolving special procedures for ef- 
fecting improvements. The development of processed 
irons and more recently the introduction of nodular 
iron are some of the more spectacular improvements 
which have resulted from this effort. This paper will 
describe a further development in treating cast iron 
to make a competitive product which meets the grow- 
ing requirements of modern structural materials. 

Aside from the cooling rate, the most important 
factors controlling the properties of cast iron are the 
carbon and silicon contents. The relationship which 
is used to evaluate the combined graphitizing power 
of these elements—called the carbon equivalent 
(%C + 14% Si) — has been useful for correlating me- 
chanical properties. Figure 1 shows this relationship 
for various types of cast iron products. Ordinary cast 
irons which have lower carbon equivalents are higher 
in tensile strength. Below 3.4 per cent carbon equiva- 
lent, the carbon tends to remain as massive cementite 
in the structure, and unmachinable irons are pro- 
duced which must be annealed to produce a useful 
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product. In malleable iron, the carbon equivalent is 
made low to retain all the carbon as cementite. A 
subsequent anneal decomposes the cementite into 
temper carbon, and as a result, ductile properties 
are obtained. 

The greatest tonnage of cast iron is produced in a 
range between 3.4 to 4.3 per cent carbon equivalent, 
since this is the range of optimum as-cast properties. 
The irons above this range of carbon equivalent 
have massive graphite flakes, and are soft and low in 
tensile strength, so that their use is limited to chill- 
cast parts or thin-section castings such as piston rings. 
The properties of irons in all the various carbon 
equivalent ranges can be enhanced by the addition 
of alloying elements as shown by the alloy cast iron 
region of Fig. 1. 

In recent years, the process of adding magnesium 
and cerium to cast iron for the production of nodular 
graphite structures has come into commercial use, 
although the exact nature of the mechanism involved 
has not yet been clearly established. Figure 1 also 
shows the approximate strength and composition 
ranges for these irons. 

Nodular irons may be divided into two categories; 
namely, pearlitic nodular iron, having tensile 
strengths above 70,000 psi and elongations less than 
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Fig. 1 — Comparison of relationship between ultimate ten- 
sile strength and carbon equivalent of commercial cast irons 
and nodular irons. 
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TasBLe 1 — Cast IRONS UPGRADED BY INJECTION OF CALCIUM CARBIDE AND 
CaLcIuM CARBIDE-MAGNESIUM OXIDE MIXTURES 
Injection Mix % Chemical Analysis, % Properties Chill 
Sample Lb/Ton of Iron Late Base _ Final UTS. % Vo 
No. CaC, MgO FeSi FA. Si Mn S Ss P C.E. psi BHN  Elong. in. 
376-2 30 - 0.5 3.65 2.34 0.20* 0.023 0.005 0.04* 4.40 30100 128 10 48 
381-3 30 _ 15 3.92 3.49 .20 014 .005 04 5.08 41900 167 1.5 N.R. 
379-2 30 - 0.5 3.71 2.80 22 009 003 04 4.64 38350 143 2.0 12 
392-3 30 = 1.5 3.60 3.24 .20 010 005 05 4.70 42000 137 1.0 4 
675-1 15 -- 15 3.70 3.39 21 .004** 005 03 4.83 42300 166 0 0 
468-2 15 _ 1.5 4.12 3.68 19 023 005 04 5.36 49100 156 0 0 
468-3 15 ~ 2.0 4.20 4.32 19 023 005 04 5.65 59800 174 0 0 
534-4 15 _ 1.5 3.65 2.83 48 024 005 05 4.61 42900 147 0 4 
529-3 15 - 2.0 3.57 3.69 .20 015 .005 04 4.8] 61200 179 0 0 
436-4 15 5 0.5 3.83 2.48 .20 014 005 04 4.66 24900 111 0 12 
494-2 15 5 15 3.86 3.07 26 035 018 N.R. 4.89 35300 137 0 0 
436-5 15 5 1.0 3.77 2.90 19 014 005 04 4.73 43300 156 0 16 
396-3 30 5 15 3.44 3.17 .20 .009** .005 04 4.50 52500 163 0 2 
386-3 15 5 15 3.72 3.36 18 017 005 05 4.84 54400 149 2.0 0 
383-3 30 5 15 3.65 3.48 22 012 .005 05 4.81 56000 170 1.5 N.R. 
435-6 15 5 2.0 3.58 3.02 22 014 005 03 4.59 56900 159 3.5 8 
436-6 15 5 2.0 3.51 3.77 .19 014 005 04 4.77 65000 179 3.5 0 
* Approximate 
** Previously desulfurized with CaC, 
N.R. Not reported 
TABLE 2 — UPGRADED IRONS PRODUCED BY INJECTION OF RARE EARTH OXIDE MIXES 
Injection Mix % Chemical Analysis, % Properties Chill 
Sample Lb/Ton of Iron Late Base‘ Final U.TS. % Yo 
No. CaCy MgO R.E.O FeSi TC, Si Mn Ss Ss P CE. psi BHN_ Elong. in. 
768-2 15 5 1 0 3.77 2.10 0.20 0.024 0.009 0.032 4.48 41800 138 1.0 39 
768-3 15 5 1 0.5 3.76 2.54 .20 024 005 03 4.62 47250 140 3.5 19 
755-3 15 5 1 0.5 3.74 2.63 17 .023 006 02 4.62 49900 146 3.5 24 
659-4E 15 5 1 0 3.26 2.29 64 027* .007 14 4.07 48800 177 0 N.R. 
751-3 15 5 1 15 3.82 3.22 21 016 005 05 4.91 52900 156 3.5 10 
756-5 15 5 1 15 3.68 3.34 21 016 005 .03 4.80 55800 165 3.5 12 
784-1 15 5 1 16 3.74 3.21 21 .010* .008 03 4.81 58400 150 7.0 0 
768-5 15 5 1 15 3.72 3.31 20 024 .005 .03 4.83 59100 163 3.5 6 
508-3 15 5 1 15 3.77 $.32 .20 022 005 02 4.88 63900 167 8.5 0 
443-2 15 5 1 15 3.66 3.25 21 .020 005 .05 4.74 64000 163 75 0 
508-4 15 5 1 3.0 3.51 4.41 .20 .022 .005 02 4.99 71250 201 3.0 0 
566-2 15 _ 1 0 3.62 1.92 19 027 005 02 4.26 45500 163 0 48 
765-1 15 - 1 1.0 3.88 261 .23 028 005 04 4.76 51800 139 5.5 6 
471-6 15 - ] 2.0 3.21 2.98 55 .007* .005 09 4.23 52700 187 0 48 
564-3 15 1 0 2.08 2.90 25 018 005 .04 3.06 53000 316 0 48 
763-2 15 _ 1 1.5 3.56 3.10 .20 024 005 02 4.60 57700 161 6.0 0 
765-2 15 - 1 15 3.64 3.00 23 .028 005 04 4.64 57900 152 6.0 0 
615-1 15 _ l 1.5 3.70 3.76 84 023 ll .03 4.96 69200 192 40 NLR. 
589-2 15 _ 1 15 3.68 3.52 .20 .020 007 04 4.86 61200 159 6.5 0 
556-3 15 - 1 1.5 3.76 3.23 1.13 .016 013 04 4.85 62400 192 1.5 0 
467-3 15 _ 1 1.5 3.67 3.48 19 025 005 04 4.84 69600 170 9.5 0 
473-7 15 - ] 2.0 3.68 4.21 .23 022 005 05 5.10 72600 170 11.5 0 
496-3 15 - 1 1.0 3.19 4.69 30 018 013 01 4.76 93400 229 25 0 


* Previously desulfurized with CaC. 


N.R. — Not reported 





10 per cent, and ferritic nodular irons, having tensile 
strengths of 60,000 to 70,000 psi and elongations from 
10 to 25 per cent. It is possible to produce either 
class in the as-cast condition, but more frequently 
these properties are obtained by suitable annealing 
or other heat treatment. They are characterized by 
excellent ductility and strength, good machinability 
and hardness, and good section insensitivity, but the 
compact nodular graphite lowers the damping ca- 
pacity and resistance to thermal shock. In the liquid 
state, they exhibit fair fluidity, but unfortunately, 
they have a high solidification shrinkage compared 
to gray iron of equivalent composition. 

In conjunction with the development of a desul- 


furizing process for ferrous metals, the authors de- 
veloped a series of upgraded irons having relatively 
high strength and ductility, good machinability, low 
hardness, and remarkable section insensitivity. Yet, the 
graphite structure in the irons allows many of the 
desirable properties of normal gray iron to be re- 
tained, such as low solidification shrinkage, good 
fluidity, good damping characteristics, and resistance 
to thermal shock. This iron is further characterized 
by uniformity of structure over a wide variety of 
carbon equivalents. 
Early Experiments 

Early work in the laboratory and in_ the 

foundry1!.2-3 demonstrated that when calcium car- 
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TABLE 3— SUMMARY OF COMMERCIAL FouNDRY UPGRADING TRIALS UNDER VARYING FIELD CONDITIONS 














Injection Mix % Chemical Analysis, % Properties 

Ladle Lb/Ton of Iron Late Final U.TS. % Melting 

No. CaC, MgO REO. FeSi' T.C. Si Mn Ss P CE. psi BHN Elong. Unit 
L-44-4 15 5 1.0 1.5 3.35 3.02 0.48 0.011 0.46 4.51 27200 179 - A** 
L-46-4 20 5 0.74 15 3.30 2.91 44 012 40 4.40 48200 217 - N 
L-42-4 15 5 1.0* 3.0 3.29 3.97 Al 004 54 4.79 60800 228 _ N 
L-43-4 30 5 1.0 3.0 3.42 3.54 A438 004 46 5.00 72000 269 — N 
L-39-4 20 5 1.0* 1.5 3.60 2.59 40 009 49 4.63 40000 228 _ N 
53-813 26 8.8 0.44 15 3.80 266 NR. 021 N.R. 4.69 51500 156 6.0 I 
58-808 27 90 18 1.5 3.80 2.70 NR. 018 NR. 4.70 53600 153 5.5 I 
53-811 32 106 1.0 15 3.83 265 NR. 032 N.R. 4.71 51900 146 75 I 
L-19-2 26 - 1.0 1.5 3.67 2.02 49 .030 12 4.38 36500 170 1.0 a 
L-20-2 30 _ 3.2 15 3.72 2.32 39 012 10 4.53 20100 143 0 A** 
4-13-43 36 ~ 3.6 15 3.77 1.83 30 .010 038 4.38 47500 139 5.5 E 
3-17-34 66 _ 28 2.0 3.63 2.15 31 010 037 4.35 55000 149 58 E 
L-54-2 20 — 1.0 15 3.73 1.92 40 005 09 4.37 71200 196 4.0 B 


A— Acid cupola 

N — Neutral cupola 

B — Basic cupola 

I —700-lb induction furnace 
E — Electric furnace 


N.R. — Not reported 


** — Injection temperature too low for upgrading in acid ladle 
*—“T compound” 





bide was injected into molten iron in amounts of 
from 15 to 30 lb per ton of metal, the sulfur content 
was lowered to levels below 0.01 per cent. Hypereu- 
tectic irons desulfurized to this level and inoculated 
with from 0.5 to 1.5 per cent ferrosilicon (75 per 
cent Si), exhibited as-cast tensile strengths of 35,000 
to 45,000 psi in keel blocks. The microstructures con- 
sist of a matrix of ferrite containing graphite in a 
stubby flake form along with a small number of 
nodules. Abnormally high final silicon additions were 
found to increase the strength still further to the 
50,000 to 60,000 psi range and the resulting struc- 
tures contained a higher percentage of nodular graph- 
ite in a matrix of ferrite. Table 1 presents some 
examples of iron made by this treatment. 

The addition of about 5 lb of magnesium oxide 
per ton of molten metal added simultaneously with 
the calcium carbide increased the strength of the 
hypereutectic irons to the range between 45,000 and 
55,000 psi. Higher silicon additions were found to 
increase the strength further to the 60,000 psi range. 
Examples are also presented in Table 1. 

Injection of calcium carbide, magnesium oxide, and 
rare-earth oxides into laboratory heats produced even 
greater strengths and ductilities with much greater 
uniformity from heat to heat as shown in Table 2. 
Effective combinations were found to be a mix of 
15 lb of calcium carbide, 5 Ib of magnesium oxide, 
and | lb of rare-earth oxides per ton of metal, and 
a mix of 15 lb of calcium carbide and | lb of rare- 
earth oxides. The rare-earth oxides ingredient must 
be selected with care since some grades of rare-earth 
oxides contain impurities which can produce erratic 
chill effects and elongations, although the tensile 
strength may be satisfactorily high. 

Table 3 lists some results on irons upgraded in 
commercial foundries. In general, when injection con- 
ditions are similar, the properties of treated induction 
metal heats made in the laboratory approximate those 
of cupola-treated metal. However, it should be noted 
that in those cases where the acid cupola iron tem- 
perature was high, the iron was upgraded more ef- 
fectively. 


Melting Procedures and Testing Methods 

In the laboratory, 14-ton heats were melted in a 
basic-lined high-frequency induction furnace with 
charges made up of pig iron, Armco iron, or remelted 
cupola irons and superheated at 2800 F. Where the 
charged sulfur was above about 0.03 per cent, pre- 
liminary desulfurization was conducted by injecting 
calcium carbide. A simultaneous injection of graphite 
and calcium carbide was frequently made when it 
was desired to raise the carbon and to desulfurize 
the metal. Heat logs 762 and 684, showing one heat 
low in original sulfur and one high in original sulfur 
respectively, give the details of the procedure and the 
chemical analyses at various stages of treatment. The 
upgrading treatments previously described were then 
made and irons were poured as indicated. 

The injection of the various treating agents was 
accomplished by the screw feeding device!? or by 
the batch feeder? with nitrogen carrier gas flows of 
70 cu ft per hr. After injection, samples for evalua- 
tion were poured from the furnace into a 50-lb ladle 
and late inoculations of ferrosilicon (75 per cent Si 
grade) were made to the furnace pouring stream (by 
means of a hand sifter trough) . After the metal in the 
ladle was stirred and skimmed, keel blocks were 
poured in dried core-sand molds and the pouring 
temperatures were read by optical pyrometer. 

Metal remaining in the ladle was poured into a 
pin mold for chemical analysis, and into a block 
mold for chill measurements. The block for chill de- 
terminations was cast in green sand and measured 
%— x 3%, in. at the chilled face, 74 x 4 in. at the 
top, and 3% in. high. The chilling surface was a 
large graphite block and the chill figures shown are 
in 32nds of an inch measured from the chilled face 
to the end of the white iron zone. Tension tests were 
made on standard A.S.T.M. 0.505-in.-diameter speci- 
mens cut from the I1xl-in. leg of a keel block 
Metallographic examination and Brinell hardness 
measurements were made on the remainder of the 
keel block leg. 
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Microstructure and Shrinkage Characteristics HEAT LOG 684 
= 
of Upgraded Irons Date December 9, 1954 Furnace 500 Lb. Ajax 

The microstructure typical of as-cast irons which Crucible MgO 
have been upgraded with carbide and rare-earth ox- Charge: —— marae al Pig rg ~—ae ore Charge 
P ‘ . e ° 43. Suvery Pig 2 ton + bD/ion 
ides, inoculated, and cast into keel block sections, is ott th: Gentes tee Ond Injection Mix 
shown at 100 diameters in Fig. 2a. The graphite addition: 2.751bFeMn (80% Mn) CaCz 15 Ib/ton+R.E.O. | Ib/ton] Additi 
exists predominantly as wormy or stubby flakes with 163lbFeP (25% P ) Injector—Batch Feeder 
20 to 40 per cent as nodules. The matrix is ferrite _ _t10lbFeS = (35% S ) Carrier Gas—Nitrogen Total: 
with a few patches of pearlite Total: 500481h Ladle Weight—50 Ib 

When treated irons are not inoculated, especially Teme “Temp. se Sunyte Peny Remarks — 
at low carbon equivalents, the amount of pearlite in ae - Seg > 
the matrix tends to increase until large patches are 9:45 Melt Down “70:10 
visible as cell-type rings, Fig. 2b. In this case, cement- 2.75lb  FeMn 80 Addition 12:45 
tite will often be found in the pearlitic region even 1:05 2700F aie s ae 
. . ° . : d nm “15 
in heavy sections. This figure shows the as-cast struc- , " — ines 
ture from a 4-in. “Y” block for an uninoculated hy- 1:11 2740F No FeSi Ladlel1 80 Pour keel block, chem., chill 
poeutectic iron which has been upgraded to 48,8000 é 2650F 
psi. The proportion of nodules is generally less than 1:18 2725F CaCz = 5.61b_ N275efh_ —70_Ist_ Injection — 90 seconds 
Ce ko ‘ Carbon 2.91b 
in inoculated irons. 1:20 No FeSi Ladle 2? 70. ~=36- Pour keel block, chem., chill 

Upgraded irons reported in the literature have been 2580 F 
made by treating the melt with a quantity of mag- 1:23 2750F = CaC. oo ee a 

° ed oi) & ° ° ee * 4 le 73 =- — ¢ sec 
nesium-containing alloy just insufficient to render the — a ’ — e 2 
graphite nodular. Segregated areas of Type “A” flake 1.96 FeSi 1.5% Ladle3 50_~—~Pour keel block, chem., chill 
are frequently found in such irons. The structure of 2530 F 1:25 
irons upgraded with calcium carbide and rare-earth !:59 CR Hg welder mantel. - 
oxides, on the contrary, show little such segregation. 
Higher total silicon contents usually exhibit higher T.C. Si Mn S P UTS. BHN %Elong} 1:31 
proportions of nodular graphite and at any given psi 
final silicon level more nodules are found where a Ladle! 3.32% 2.16% — 0.61% 0.095%, 0.10% — 30,200 183 9 
high £ sili dded 1 Ladle2 3.87 2.07 0.005 29,500 161 0 Melt in 
1igher amount of silicon was added late. ladle3 372 2.99 0.005 60.300 187 10 | Chem. 

Solidification of irons upgraded by injection with aoe 
calcium carbide and rare-earth oxides is accompanied la med 
by considerably less shrinkage than that encountered irons. To demonstrate this point, the upgraded irons Ladle 4 


in the solidification of nodular irons. This has been 
observed in cast chill bars made in the laboratory and 
in the risers of commercial foundry castings. 
Effect of Graphite Structures and Silicon 
Content on Properties of Cast Iron 


Upgraded ferritic irons are a completely new class 
of alloys which are different from ordinary gray cast 


were compared to gray cast irons by evaluating the 
properties of each with respect to tensile strength 
versus carbon equivalent, tensile strength versus hard- 
ness, and tensile strength versus final silicon content. 

The relationship of tensile strength versus carbon 
equivalent is illustrated in Fig. 3. The lower band en- 
closes over 300 values of tensile strength of gray irons 





Fig. 2a (lett), 2b (right)— Typical microstructures of up- 
raded cast iron made using rare earth oxide treating agents; 


2a inoculated, 2b uninoculated. As-cast, keel block sections. 
Etched with 2% Nital; 100X. 
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q HEAT LOG 762 100 
Date: May 21, 1954 Furnace: 500 Ib. Ajax 
Crucible: MgO a 7 ® 
Charge: 376.0 Ib Chateaugay Pig Injection Mix : roo el A74 ® 
/ion 17.0 Ib Armco Iron CaC, 15 Ib/ton + MgO 5 Ib/ton + © 81 as0ve 4.90% 
1.5 Ib Graphite R.E.O. 1 Ib/ton = CaCz 3 1b/400 ° 
Ib/ton] Addition: 6.0 Ib FeSi (75% Si) lb + MgO 1 1b/400 Ib + R.E.O. 80 _— 
0.44 Ib FeMn (80% Mn) 0.2 1b/400 Ib 
Total: 400.941b Injector-Batch Feeder 
Carrier Gas — Nitrogen 
oa Ladle Weight — 50 Ib. z 
Time Temp. Additions Sample Power Remarks = 
wg Metal Gas K.W. ° 
“10:10 Power On 2 
12:45 2800°F 6.01b 50 Addition = 
FeSi © 
12:15 Melt Down is 
12:46 0.44 Ib a 
em., chill FeMn Addition os 
1:14 2800°F Melt in Pour chem. & chill block 3 
conds 1:18 2800°F CaC, 3.0 1b 60 Injection — 60 seconds z 
MgO 1.0lb No75cth 
em., chill R.E.O. 0.2Ib. 
Chem. 50 Pour chemical for sulfur only 
FeSi 0.75% Ladle | 50 Pour keel block, chem., chill 
econds 2590 F 
1:23 FeSi 1.00% Ladle2 50 Pour keel block, chem., chill 7 ‘N 
Pm... chil 2625 F UNTREATED GRAY IRONS 
1:25 FeSi 1.50% Ladle 3 38 Pour keel block, chem., chill 
2670 F = 
1:26 FeSi 2.00% Ladle 4 30 Pour keel block, chem., chill 
2630 F 
%, Elong} 1:31 Off Pig residue metal ot 1 re; 1 73 1 35 
0 T.C. Si Mn S P U.TS. BHN 4% Elong. CARBON EQUIVALENT, % 
0 | Meltin 4.04% 229% 0.25% 0.022% 0.06% psi Say 
10 Chem. 0.011 Fig. 3 — Effect of upgrading treatments on relationship be- 
| Ladiel 3.85 2.55 0.005 47 900 156 25 tween ultimate tensile strength and carbon equivalent. 
Ladle2 3.80 2.76 0.006 52,000 165 3.0 
are eo aH oo po 4 = matrix, rather than the graphite, is the dominant 
e t . . ! 5. 


factor establishing this relationship since the shape of 
the graphite offers slight interference with the normal 
fracture behavior. 





melted in the laboratory induction furnace and 
poured in 1-in. keel blocks. These irons decline in 100 


strength with increasing carbon equivalent. An op- vs 


posite relationship is apparent in the case of irons STEELS 





which have been upgraded with calcium carbide and 
rare-earth oxides with or without magnesium oxide. 
The strengths of these upgraded irons increase with a: De NODULAR | 





_J 





increasing carbon equivalents normally effected by ( 114808 
large ferrosilicon inoculations. The injection treat- 

ment, which produces little change in chemical com- 
position, causes a great modification in graphite shape 
and produces irons more than twice as strong as the 
untreated irons. 

The strength-hardness relationships for gray, up- 
graded, and nodular irons are shown in Fig. 4. The 
lower line represents the well-known MacKenzie re- 
lationship* of strength versus hardness for gray cast | 
iron expressed by the equation T = 1.82 B1-85 where seeder 
T is the tensile strength in pounds per square inch, bel 
and B is the Brinell hardness. The strengths of the 20 a Rp ae 
uninoculated gray irons usually fall below this line STRENGTH OBTAINED 
and the strengths of inoculated, high grade irons fall ae TREATING MIXTURES 
somewhat above it. Fundamentally, this relationship 
is established by the nature and distribution of the e 
flake graphite. 100 140 180 220 

However, the tensile strength-hardness relationship BRINELL HARONESS 


for nodular iron is constant and is therefore com- Fig. 4— MacKensie relationships for gray, upgraded and 
parable with that of steel. With nodular iron, the nodular irons. 
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Fig. 5—JInfluence of silicon content on ultimate tensile 
strength of upgraded irons. 
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Fig. 6 — Spread in ultimate tensile strength values of up- 
traded irons, made by two upgrading treatments, as a func- 
tion of silicon content of the iron. 


In the case of upgraded irons, both graphite and 
matrix influence the tensile strength-hardness rela- 
tionship. In the lower hardness-strength regions, such 
as are obtained by calcium carbide treatment, or by 
calcium carbide and magnesium oxide treatment, the 
graphite structure is the predominant factor because 
some small normal flakes are interspersed among the 
rounded-end stubby flakes. In the higher hardness- 
strength regions obtained by calcium carbide-rare 
earth oxide mixtures, better properties have been ob- 
tained because the graphite is more thoroughly con- 
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verted into a stubby flake structure. Therefore, the 
matrix becomes the predominant property determin- 
ing factor, with the silicon content of the silico-ferrite 
establishing the tensile strength values. 

Figure 5 illustrates this relationship. As a basis for 
comparison with graphite-free structures, the tensile 
and yield strengths of annealed, carbon-free silico- 
ferrite, melted in vacuo were plotted from the data 
of Yensen;5 this line represents the ultimate in prop- 
erties to be achieved by injection treatment. The aver- 
age values of the various upgrading treatment form 
lines which parallel Yensen’s relationship. The expres- 
sion: T = 18,300 x %Si is a good empirical estimate 
of the relationship between tensile strength and silicon 
content. The strength of fully annealed nodular cast 


















































12 
TREATMENT , CaC,+ R.E.0 i 
INOCULATION WITH Fe Si 
TENSILE SPECIMENS TAKEN ) 
( FROM KEEL BLOCKS 
10 
z 8 fava 
° AVERAGE VALUES ° 
a %E=35(%S1)-45 
| APPROX UP TO 45%Si ° 
z co 
See 4 
-= ° 
. ° 
Pe ° @| fo 
oO 4 y 
« 
a 
° ° 
2 7 
° fe) 
° 1.0 2.0 3.0 40 5.0 6.0 


PER CENT FINAL SILICON 


Fig. 7 — Effect of calcium carbide-rare earth oxide injection 
treatment upon relationship between the per cent elongation 
and silicon content of upgraded iron. 
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Fig. 8 — Effect of calcium carbide-magnesium oxide-rare earth 
oxide injection treatment on relationship between the per 
cent elongation and silicon content of upgraded iron. 
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irons has been shown to exhibit a similar correlation 
with silicon content. 

The slope of all lines shown in Fig. 5 is the same. 
This means that the strengthening tendency of silicon 
in all of these irons is the same, regardless of the 
treating agents used for upgrading; and that the rela- 
tive strength of upgraded irons of the same silicon 
content is a direct measure of the effectiveness of a 
given treating procedure in modifying the graphite 
structure. 

The statistical spread in tensile values for irons 
treated with calcium carbide-magnesium oxide-rare 
earth oxide mixtures, and with calcium carbide-rare 
earth oxide mixtures is shown in Fig. 6. The ductility 
of these upgraded irons is also related to the silicon 
content, Figs. 7 and 8. Beyond 4.25 per cent silicon, 
a sharp drop in ductility becomes apparent. In com- 
paring Fig. 7 with 8, the range of silicon content 
wherein good ductility occurs is identical for both 
treating agents, although the agent having no mag- 
nesium oxide in the mix resulted in slightly higher 
ductility values, particularly in the lower silicon con- 
centrations. 

Low-sulfur irons obtained by treatments with cal- 
cium carbide and rare-earth oxides tend to chill deeply 
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Fig. 9 — Effect of upgrading injectants on the relationship 
between chill depth and silicon content of upgraded iron. 
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Fig. 10— Mechanical properties of upgraded iron as a func- 
tion of “Y” block section size. 


and this effect must be overcome by an addition of 
late ferrosilicon. Insufficient late ferrosilicon after 
treatment has been found to result in higher chill 
depths even though the strength itself seems to be 
affected only by total silicon content. Figure 9 indi- 
cates that lower chill depths have been obtained on 
inoculated samples treated with the carbide-rare earth 
oxide mixtures containing no magnesium oxide. In 
either case, final silicon contents in excess of 3.00 per 
cent resulted in minimum chill. 
Residual Cerium and Magnesium in the Irons 

Spectrographic analyses of irons upgraded with cal- 
cium carbide-magnesium oxide-rare earth oxide mix- 
tures have disclosed magnesium contents of from 
0.0014 to 0.0067 per cent with an average of about 
0.004 per cent. Cerium contents resulting from injec- 
tions of rare earth oxides in the amount of | Ib per 
ton of metal determined spectrographically were 
found to range from traces to less than 0.01 per cent. 

Section Sensitivity of Upgraded Irons 

Reference to Fig. 3 will recall that high strength 
properties were obtained with upgraded irons having 
carbon equivalents from 4.0 to 5.0 per cent. The mi- 
crostructures also were similar for all of these irons 
regardless of carbon and silicon content. This insensi- 
tivity to composition suggested a probable insensi- 
tivity to the cooling rates obtained in different section- 
size castings. To investigate this possibility, a 400-Ib 
heat was melted and superheated to 2800 F in the 
induction furnace. After sampling the base metal for 
chemical and chilling characteristics, an injection of 
5 lb of calcium carbide was made to lower the sulfur. 
Subsequently, the melt was upgraded by an injection 
of a mixture containing 3 lb calcium carbide and 0.2 
Ib rare earth oxides. As a final step, the treated iron 
was inoculated in the ladle with 1.6 per cent of fer- 
rosilicon (75 per cent Si grade) . 

“Y” blocks of 34-, Y%-,, 1-, 2-, 3-, and 4-in. sections; 
chill bars and chemical specimens were cast. Table 4 
presents the chemical composition and chill depth at 
each stage. The mechanical properties obtained in 
the various size “Y” blocks also are listed in Table 4, 
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Fig. 11— Microstructure of the “Y” block sections, whose 
properties are shown in Fig. 10. Fig. a, b, c, d, e, f, are from 
%, %, 1, 2, 3, and 4-in. “Y” blocks, respectively. The only 
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noticeable effect of section size on microstructure is a slight 
coarsening of the graphite structure in the greater section 
sizes. As-cast. Etched with 2% Nital; 100X. 
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TABLE 4 — INVESTIGATION OF THE EFFECT OF 
SECTION SIZE ON PROPERTIES 











Heat 798 
Chemistry 
Composition, % 
T.C, Si Mn Ss P C.E. Chill, 
in. 
Melt 4.10 187 0.31 0.104 0.02 4.72 0 
S-1 N.R. NR. N.R. 0.013 NLR. Yeo 


Ladle 3.77 288 N.R. 0.006 N.R. 4.73 0 


N.R. — Not reported 








Properties 
Section Size Yield Tensile Tensile 
“Y” Block, Strength, Strength, % Modulus, 
in. psi psi Elong. BHN psi 
3% 45500 55800 2.5 134 22.8x106 
\ 44600 59700 75 143 22.3 
1 43200 56700 6.0 145 21.6 
2 43900 53900 4.0 147 21.9 
3 43100 51400 3.0 145 21.6 
4 42200 50700 2.7 143 21.1 





and are presented graphically in Fig. 10. The varia- 
tion in properties is remarkably low for a section size 
variation of 11 to 1. 

The photomicrographs of the six “Y” blocks shown 
in Fig. 11 demonstrate the unusual uniformity in mi- 
crostructure. The only noticeable effect of section 
size on microstructure is a slight coarsening of the 
graphite in the more massive sections. 


Effect of Silicon on Growth and Scaling 

It has been shown that the tensile strength of up- 
graded irons depends to a great degree on the final 
silicon content of the metal. Some laboratory heats, 
containing silicon above 4.5 per cent, exhibited tensile 
strengths in excess of 80,000 psi, Fig. 3. 

Ferritic gray cast irons with silicon contents of 6.00 
to 8.00 per cent were developed by the British Cast 
Iron Research Association? for use in resisting growth 
and scaling at elevated temperatures. The growth re- 
sistance of these irons resulted from the presence of 
undercooled graphite structures and the absence of 
combined carbon for subsequent decomposition on 
heating. 

A test similar to that used by Neath was made in 
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Fig. 12 — Growth and scaling characteristics of high silicon, 
gray and upgraded cast irons. 


which upgraded irons of silicon contents of 4.70 to 
5.40 per cent were subjected to repeated 14-hr heatings 
from 800 F to 1850 F in an oxidizing atmosphere. 
Volume and weight changes were measured on bars 
34 in. in diameter and 7 in. long, before heating 
and after 4 and 7 cycles. 
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TABLE 5 — Lape INJECTIONS oF CALCIUM CARBIDE — MAGNESIUM POwpDER MIXTURES 
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The scaling and growth characteristics of the 
treated samples were considerably improved over those 
of untreated gray irons of comparable silicon content. 
This is demonstrated graphically in Fig. 12. Such up- 
graded irons might be a satisfactory lower cost sub- 
stitute for expensive alloyed irons in certain high 
temperature applications. 

Effect of Temperature and Ladle Lining 

The laboratory work using injection of calcium car- 
bide and rare-earth oxides with or without magnesium 
oxide was done in basic-lined vessels at metal tem- 
peratures between 2750 F and 2800 F. Irons melted 
in acid cupolas and injection treated in foundry ladles 
at the higher temperatures were benefitted to a greater 
degree by this treatment. To investigate this effect, 
tests were run at various metal temperatures and in 
ladles lined with acid and with basic refractories. 

It was found that mixes containing magnesium ox- 
ide lose their effectiveness rapidly with dropping tem- 
peratures. Mixes containing rare-earth oxides are less 
affected and elemental treating agents, such as mag- 
nesium powder, are affected least of all by decreases 
in metal temperature. The latter, therefore, is added 
whenever cold metal is to be upgraded. Figure 13 
presents the above data graphically. Figure 14 presents 
the effect of acid ladle lining on treatment with cal- 
cium carbide-rare earth oxides at various injection 
temperatures. The effect was previously observed in 
the early work of Henderson and Hulme, and Hen- 
derson and Crockett.?-3 


Use of Magnesium Powder for Upgrading and 
Nodulizing in Acid-lined Ladles 

If upgrading is to be carried out in acid-lined ladles 
at lower temperatures, it has been found desirable to 
use an injection mix containing 15 Ib of calcium car- 
bide, 1 lb of rare earth oxide, together with 1 lb of 
magnesium metal, per ton of iron. Table 5 lists the 
as-cast properties of heats in which magnesium powder 
was injected. It shows that upgrading can be accom- 
plished consistently with the aid of magnesium powder 
at temperatures as low as 2500 F, which is below that 
normally encountered in molten iron direct from the 
cupola. Figure 15 relates the tensile strengths and 
carbon equivalents of upgraded and fully nodular 
irons produced by injection of calcium carbide- 
magnesium powder mixtures. 

Injection of pure magnesium powder would prove 
extremely violent. Blending with 90 per cent calcium 
carbide results in a smooth operation without undue 
flare; and in addition, calcium carbide accomplishes 
desulfurization and promotes upgrading. 

Production of Nodular Irons by Injection 
of Calcium Carbide and Magnesium Powder 

Completely nodular irons were prepared by inject- 
ing mixtures of calcium carbide and magnesium pow- 
der. These data are presented in Table 5. Figure l6a 
shows the structure of a pearlitic nodular iron (Heat 
782-2, Table 5); this iron has an 81,400-psi tensile 
strength, 9 per cent elongation, and 174 Brinell hard- 
ness. Figure 16b shows the structure of a ferritic nodu- 
lar iron (Heat 792-4, Table 5) ; this iron has a tensile 
strength of 64,400 psi, 22 per cent elongation, and a 
149 Brinell hardness. Both irons have a 4.3 per cent 
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Fig. 15 — Influence of magnesium powder additions to cal- 

cium carbide-rare earth oxide mixtures on the upgrading and 

nodulizing of various carbon equivalent cast irons when in- 
jected at cupola iron temperatures. 


carbon equivalent. In the case of the pearlitic iron, 
the manganese was 0.5 per cent, and in the case of the 
ferritic iron, it was 0.2 per cent. 





Fig. 16 — Microstructures of fully nodular irons made by in- 
jection of calcium carbide-magnesium powder mixtures at 2650 
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In some heats, the melt-down sulfur was between 
0.077 and 0.092 per cent. In others, it was 0.044 per 
cent and less. With the higher sulfur, a preliminary 
desulfurizing treatment with calcium carbide alone or 
a combined desulfurizing and carburizing treatment 
with calcium carbide and graphite was used. 


Advantages in Using Calcium 
Carbide-Metallic Magnesium Mixture 

The combination of the magnesium powder (20 
mesh and down) and a quantity of calcium carbide 
equal to 85 or 90 per cent of the mixture avoided 
undue violence of reaction and prevented injection 
tube plugging. A few of the advantages in using this 
calcium carbide-magnesium powder mixture for nodu- 
lization and upgrading are: 

1. The cost of treatment is significantly lowered 
below that of conventional magnesium-containing 
alloy treatment. 

2. Upgrading can be carried out consistently and 
effectively at relatively low ladle temperatures. 

3. Upgrading can be accomplished over a wide 
range of carbon equivalents. 

4. Unwanted alloying elements are not present to 
be recirculated in foundry returns. 

5. Low-silicon upgraded and nodular irons. can be 
made more readily than with nodulizing alloys 
containing silicon. 

6. Large additions of metallics are avoided, and 
thus less chilling of the melt results. 

7. Due to the use of calcium carbide, the treated 
metal and the foundry ladles are free of any 
drossy slags or scum. 


Summary and Conclusions 

1. It has been shown that injection of calcium car- 
bide, magnesium oxide and rare-earth oxides, or cal- 
cium carbide and rare-earth oxides can produce up- 
graded cast irons with as-cast tensile strengths of 
about 50,000 psi or above. These irons possess con- 
siderable ductility and unusually low hardness. They 
can be considered intermediate material between gray 
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iron and nodular iron with certain advantages over 
each. The outstanding properties of upgraded irons 
are ductility and high strength, insensitivity to cooling 
rate in various section sizes, low hardness, machin- 
ability, low chill depth, low solidification shrinkage. 


2. Upgraded irons were evaluated on the basis of 
strength versus carbon equivalent, hardness, and final 
silicon content. These irons are uniformly strong over 
a wide range of carbon equivalents. The tensile 
strength to Brinell relationship was found to be 
higher than that of gray iron. The change in proper- 
ties are due to the refinement of the graphite flakes. 

3. Base-metal analyses which show sulfur contents 
above the 0.02 to 0.03 per cent range should have a 
preliminary desulfurizing injection of calcium carbide 
to obtain consistent upgrading effects. 

4. Magnesium metal powder injected into molten 
iron simultaneously in mixture with calcium carbide 
and rare earth oxides, results in consistent and highly 
effective upgrading and nodulizing of the iron in both 
acid and basic ladles and over the entire practical 
range of cupola iron temperatures. 
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DISCUSSION 


Chairman: J. S. VANick, International Nickel Co., Inc., N. Y. 
Co-Chairman: S. C. Massari, Hansell-Elcock Co., Chicago. 


S. F. Carrer! (Written Discussion): The authors are to be 
commended for these useful data and their contribution to iron 
metallurgy. 

The injection process has been used at our plant to produce 
a number of ladles of upgraded or nodular iron. Basic cupola 
iron is treated with 1 to 114 per cent of several mixtures that 
may be varied to produce any level of iron properties up to a 
fully nodular structure. 

We too found magnesium metal more practical than mag- 
nesium oxide for shop irons under foundry conditions. We 
found the oxide effective only on induction heats where the 
high temperatures and MgO lining are more favorable than 
usual foundry conditions. 

On basic induction iron a number of materials will produce 
a nodular structure but many marginal materials are too sensi- 
tive for cupola irons, lower temperatures, and shop ladles. 

I would like to ask the authors if it is necessary or important 
to have such a large silicon addition of 1 to 3 per cent after 
injection. We find such a heavy ladle addition difficult and hard 
to control. We prefer to include the silicon in the injection 
mixture but can not add more than 0.50 per cent Si in this 
manner. Do the authors consider this sufficient inoculation? 


1. American Cast Iron Pipe Co., Birmingham. 
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Mr. Estes (Reply to Written Discussion by Mr. Carter): I wish 
to thank Mr. Carter for his interesting comments. 

Our experience with the calcium carbide-rare earth oxide mix- 
tures in cast iron has shown that the improved tensile strength 
properties obtained by the treatment correlated with the fina! 
silicon content regardless of the percentage added as late ferro- 
silicon. The larger ferrosilicon inoculations of two and three per 
cent were made in order to investigate the changes in properties 
at higher silicon levels, and were too large for a practical addition. 

The best balance of properties was obtained when 0.75 to 1.0 
per cent of late silicon was added to injected iron. High strength 
irons with a minimum tendency to chill were produced by this 
method at final silicon contents of 2.75 to 3.25 per cent. 

The use of magnesium powder in the injection mixture insured 
uniform upgrading of irons at lower silicon contents, and 0.75 
per cent late silicon provided good chill control. Smaller addi- 
tions of 0.50 per cent seemed to promote the desired graphite 
structure but resulted in a higher chill depth value. 

The ferrosilicon can be added in the injection mixture if de- 
sired, but I would suggest a certain portion be added late for 
minimum chill depths. The exact quantities needed in any par- 
ticular application would also be affected by treatment procedures 
and metal composition. 


G. B. MANNWEILER? (Written Discussion): I noticed that in Fig. 
1 the maximum value for pearlitic malleable irons is given as 
80,000 psi ultimate tensile strength. In practice, pearlitic malle- 
able castings are being produced commercially with ultimate ten- 
sile strengths well in excess of 100,000 psi, as is evident from 
A.S.T.M. specification A220-55T, grade 80002, which requires a 
minimum ultimate tensile strength of 100,000 psi. For nodular 
cast iron the highest ultimate strength required under A.S.T.M. 
Spec. A339-51T, viz. grade 80-60-3, is only 80,000 psi. 

In view of the foregoing, it would seem that your Fig. 1, 
comparing commercial cast ferrous alloys of 2.2-5.4 per cent C.E. 
is erroneous. Could the intention have been to show pearlitic mal- 
leables up to 100,000 psi and pearlitic nodular cast irons up to 
80,000 psi; i.e., just the reverse of the values indicated on the plot. 

Along these same lines, the validity of comparing on the same 
graph unmachined cast-to-size tensile specimen results with 
those machined out of keel or Y blocks is always subject to some 
question. Pearlitic malleable manufacturers have always felt that 
test specimens cast under the same conditions and to the same 
approximate section size as typical production castings would 
give test values that would more truly represent properties exist- 
ing in the corresponding production lot than would ideally-fed 
specimens machined from heavy chunks of metal. What were the 
tensile values for your nodular and up-graded cast irons made in 
specimens cast to size and fed in a manner corresponding to the 
gating practice for commercial castings? 


Mr. Estes (Written Reply to Mr. Mannweiler): In answer to 
your question regarding the strength levels of the pearlitic mal- 
leable and nodular irons shown in Fig. 1, an oversight did 
occur in limiting the strength of pearlitic malleable to 80,000 psi. 
It should have been shown as extending up to the 90-100,000 psi 
level characteristic of A.S.T.M. specification A220-52T grade 
70002. Grade 80002 has been voted on only recently however and 
was not known to the author at the time of the writing of the 
paper. The limiting of this iron to 80,000 psi was prompted by 
my belief that the irons with strengths in excess of this value were 
obtained primarily by quench and temper treatments. I under- 
stand that these properties can be obtained by an air quench 
and temper treatment, but isn’t it true that molybdenum and 
copper are usually present in quantities sufficient to provide the 
increased hardenability? 

I showed the tensile strength of pearlitic nodular iron at values 
up to 100,000 psi since the present A.S.T.M. specification A339- 
51 T grade 8-60-3 is conservative in regard to tensile strength 
and strengths in the 100,000 psi range are obtained commercially 
as cast with fully pearlitic structures. Reference is also made to 
the military specification MIL-I-11466 (ORD) Class 2 for nodular 
iron which requires a minimum of 100,000 psi. 

The properties of the upgraded irons described in the paper 
were measured in the manner specified for nodular irons. that 
is by machined specimens cut from keel blocks or Y blocks of 
the specified section size. We have had no experience with ten- 
sile specimens cast to size. 


2. Research Engineer, Eastern Malleable Iron Co., Naugatuck, Conn. 
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APPLICATION OF INSULATED RISERS TO PRODUCTION 
OF ALUMINUM ALLOY SAND CASTINGS 


W. A. Mader* 


ABSTRACT 

This paper discusses the application of insulated 
risers to the production of aluminum alloy sand cast- 
ings. The necessity for securing directional solidifica- 
tion to reduce shrinkage porosity in castings is demon- 
strated. It is shown that riser efficiency can be 
improved by insulating them to reduce heat losses by 
conduction and radiation. Proper chilling also aids in 
securing directional solidification. 

The methods of producing permeable gypsum plaster 
riser sleeves, expanded perlite sleeves, and exothermic 
sleeves are described. The advantages and disad- 
vantages of each type (writer’s opinion) are’ noted. 
Actual examples are shown where the application of 
insulated riser sleeves aided the production of shrink- 
age free aluminum sand castings. 

Introduction 

Shrinkage porosity is one of the greatest problems 
the foundryman encounters in production of alumi- 
num sand castings. This shrinkage porosity results 
from change in volume that occurs when the metal 
or alloy being cast changes from the liquid to the 
solid state, that is, casting solidification shrinkage. 

All sand castings tend to contain this shrinkage 
porosity to some extent although it may be of micro- 
scopic nature. However, as Walther, Adams and Tay- 
lor! have indicated, shrinkage porosity is one of the 
principal reasons why sand castings tend to have low- 
er mechanical properties than wrought products. The 
foundryman must apply methods to reduce shrinkage 
porosity in the castings that he produces if he wishes 
to maintain casting sales or expand against encroach- 
ing competition from wrought products. 


Shrinkage and Feeding Considerations 


A necessary factor in the production of high qual- 
ity sand castings is the requirement that the metal 
in the mold will start to solidify at points remote 
from the risers or feeders, and that this solidification 
will proceed continuously toward the risers or feed- 
ers, which must be the last to solidify, all shrinkage 
being retained in them, while the casting itself is 
sound. This has been termed “directional solidifica- 
tion”. When the foundryman, through the applica- 
tion of various expedients can control the thermal 


*Chief Metallurgist, Oberdorfer Foundries, Inc., Syracuse, N. Y. 
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gradients in a solidifying casting in such a manner 

as to produce “directional solidification”, he has ob- 

tained “controlled directional solidification”, and he 
has eliminated shrinkage in his casting. 

According to Ruddle? “the principal methods which 
may be employed to obtain directional solidification 
are as follows: 

(a) The use of gating and feeding methods capable 
of setting up favorable temperature gradients 
during pouring. 

(b) The use of favorable pouring rates and tem- 
peratures. 

(c) The use of “padding”. 

(d) The use of chills. 

(e) The use of mold materials of different thermal 
properties for various parts of the mold. 

(f) Optimum feeder positioning and design and the 
use of feeding compounds.” 

A 6 to 8 per cent reduction in volume takes place 
during the cooling of aluminum alloys from an aver- 
age pouring temperature to their freezing point. 
Theoretically, a riser volume slightly greater than 6 
to 8 per cent of the casting volume should be suffi- 
cient to feed an aluminum casting. However, the 
foundryman knows from practical experience that 
such a riser volume, using conventional risers, is en- 
tirely inadequate and unsound castings would result. 

The foundryman generally measures riser efficiency 
in terms of casting yield as follows: 


W, x 100 


Casting Yield (per cent) = Ww 
2 





where W, = weight of finished casting, 

and W, = weight of poured metal to produce 
casting (includes rough casting, 
gates, and risers) 


Casting yield for aluminum castings using conven- 
tional risers averages about 40 per cent. Even at these 
low yields, shrinkage porosity is seldom completely 
eliminated. Therefore, the foundryman must increase 
the efficiency of his risers in order to obtain con- 
trolled directional solidification and reduce shrinkage. 











Fig. 1— Jet engine housing made in 355-T61 aluminum 
alloy; cast with permeable gypsum plaster insulated risers. 


Increasing Riser Efficiency 

Proper location of risers on the casting is the first 
step necessary to promote riser efficiency. Riser lo- 
cation depends principally on the casting design. The 
risers must generally be located on the heaviest sec- 
tions of the castings. In some cases “padding” or 
adding stock to thin sections is necessary so risers 
may be positioned to secure directional solidification. 

Proper dimension:»g of the risers is the next step 
in securing riser efficiency. The preferred shape for 
the risers is a cylinder because of considerations of 
minimizing heat losses and practical moldability. A 
common riser height for common cylindrical risers 
molded in sand is 2 to 3 times the diameter of the 
riser. However, if heat loss by radiation from the top 
surface of the riser and by conduction from the walls 
of the riser is reduced by insulation or addition of 
heat, riser height can be equal to or slightly greater 
than riser diameter. Caines?.4 summarizes the design 
of risers and develops formulas for calculating riser 
dimensions. 

Riser efficiency may be increased by the use of 
sleeves made of insulating material to surround the 
riser and by covering the riser with insulation to re- 
duce heat losses as shown by O'Keefe. If heat losses 
are reduced by these methods the risers will stay 
liquid longer and smaller risers can do the job of 
the larger conventional risers thus increasing casting 
yield. In addition, an adequate reservoir in the risers 
aids in maintaining positive feeding pressure and pro- 
motes directional solidification, thus, enabling the 
production of sound castings. 

Gypsum Riser Sleeves 

The use of gypsum insulating sleeves to reduce 
heat ‘losses and increase the efficiency of risers was 
first discussed by Taylor and Wick,® particularly as 
applied to bronze castings: The gypsum plaster used 
by Taylor and Wick had disadvantages due to its 
low permeability since even small amounts of mois- 
ture present in the plaster sleeve were converted to 
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steam and caused slow holes in the casting. The 
sleeves were also quite fragile and difficult to set in 
the mold. More recently a highly permeable gypsum 
plaster was developed and discussed by Miericke and 
Johnson.? This new plaster was stronger and elimi- 
nated the blow-hole problem. Also, it had greater 
insulating properties due to the large number of dead 
air spaces incorporated in this plaster. Methods for 
making sleeves from the permeable plaster were dis- 
cussed by Miericke.®+9 

Briefly, a special casting plaster may be used to 
produce the permeable gypsum sleeves. The plaster 
is mixed with water in the proportion of 100 parts 
of plaster to 80 parts water by weight. A special 
rubber disc impeller attached to a high-speed drill is 
recommended for mixing. The disc should be 4 to 6 
in. in diameter and made of rubber about 1% in. 
thick. The high speed disc is inserted at such a level 
in the plaster-water slurry that air bubbles are en- 
trained in the slurry by the disc rotation until the 
volume of the slurry is increased 50 to 70 per cent 
by the foaming action. The foamed slurry is poured 
into a suitable core box and allowed to take an ini- 
tial set for 15 to 25 minutes. At the end of this pe- 
riod, the sleeve is extracted from the core box, placed 
in an oven, and dried at 250 to 500 F. The lower 
drying temperatures are preferable because higher 
strengths are obtainable. Drying temperatures are 
also dependent on air circulation, velocity, and hu- 
midity. Core box equipment may be made from wood, 
metal, plastic, or rubber. Rigid patterns should be 
coated with suitable parting compounds. Control over 
the insulating properties of the sleeves is maintained 
by controlling the percentage volume increase of the 
slurry, the wet weight, and the AFS dry permeability. 

The permeable gypsum plaster insulating sleeves 
were applied very successfully to the production of 





; Fig. 2— Cope core for jet engine housing showing permeable 


gypsum plaster riser sleeves and secondary riser gates. 
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bronze castings. Higher yields and consistently sound 
castings were obtained. The availability of a commer- 
cial source of permeable gypsum plaster insulating 
sleeves greatly aids in the use of the sleeves. Some 
foundries may find it advantageous to buy their in- 
sulating sleeves from a supplier instead of making 
them because this saves them cost of equipment, nec- 
essary experience in production, personnel, etc. Suc- 
cessful application of the permeable gypsum plaster 
risers to bronze castings encouraged consideration of 
their use on aluminum castings and they were ap- 
plied successfully as shown in the following examples. 
All sleeves used in these castings were purchased from 
a commercial source. 
Examples of Applications of Permeable Gypsum 
to Aluminum Alloy Castings 

Example One. The illustration, Fig. 1, shows 
the gating and riser system on a very complicated 
194-Ib 355-T51 aluminum alloy housing for a jet en- 
gine. There are stringent quality requirements for 
this casting including pressure test, 100% x-ray in- 
spection, zyglo and dychek inspections. No welding 
is permitted in certain critical areas, and only limited 
welding is permitted in other areas. A total of 20 
permeable gypsum plaster insulating sleeves are used 
in this casting. There are eight open top 314-in. ID 
x 8 in. high insulating sleeves to feed four heavy pads 
on the outside wall of the casting. There are seven 
blind top and one open top 414-in. ID x 6-in. high 
insulating sleeves to feed the outer and middle flanges. 
Also, there are four blind top 314-in. ID x 8-in. high 
insulating sleeves to feed the center flanges. Most of 
the risers were made blind by extending the gypsum 
sleeves to cover the tops of the risers in order to 
insulate the tops of the risers, reduce radiation loss- 
es, prevent sand falling into the risers during and 
after assembly, and to prevent accidental spilling of 





Fig. 3 — Drag face of jet engine showing chilled areas (cross 
hatched surfaces). 








Fig. 4— Jet engine tuel pump body casting made in 355-T71 


aluminum alloy. 


metal down the risers during pouring. The open 
risers are covered with insulating material after the 
casting has been poured. 

Although it was necessary to gate this casting at 
the bottom of the mold cavity, favorable thermal 
gradients and controlled directional solidification are 
obtained by employment of the insulating sleeves, 
thorough chilling of the drag side of the casting and 
heavy sections, and the application of a secondary 
gating system that is used to fill the risers with hot 
metal as soon as the mold cavity is filled above the 
casting level. 

Figure 2 shows the large dry sand core containing 
the insulated risers and secondary gating channels for 
riser feed. Riser plugs slightly larger in diameter than 
the riser sleeves are placed in the proper locations 
in the core box, the core is rammed, the plugs with- 
drawn and sleeves substituted. Sand is then tucked 
around the sleeves, the core struck-off and then drawn 
from the box. The core is then baked with the riser 
sleeves in place. 

Figure 3 shows the drag side of the casting, the 
cross-hatched marks on the casting indicating chill 
locations. 

The pouring weight of this casting is 538 lb. This 
gives a casting yield of 36 per cent. While this is 
a relatively low yield for a casting made with insu- 
lated risers, the principal emphasis has been placed 
on securing a completely sound casting without at- 
tempting to secure high yield. The various other op- 
erations that are necessary to produce this casting 
are also closely controlled with resulting low scrap- 
losses on this job on more than 5,000 castings pro- 
duced. One customer has rejected a single casting from 
a run of 1,200 of these castings. It is estimated that 
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Fig. 5 — Riser core for jet engine fuel pump housing showing 
risers insulated with permeable gypsum plaster sleeves. 
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Fig. 6 — Body core for jet engine fuel pump casting showing 
graduated chills and plaster pad used to secure controlled 
directional solidification. 


if conventional risers were used, the yield would prob- 
ably be about 20 per cent with possibly much higher 
scrap losses. 

Example Two. The casting illustrated in Fig. 4 
is a jet engine fuel pump body cast in 355-T71 al- 
loy. The quality requirements on this casting are 
very stringent, including 100% x-ray inspection, pres- 
sure test up to 1,000 psi, complete freedom from pin- 
hole porosity, absolutely no shrinkage and restricted 
welding. Some of the sections are 214 in. thick. 

The core containing the three 214-in. ID x 6-in. 
high permeable gypsum insulating sleeves is illustrat- 
ed in Fig. 5. One of the three sleeves has an open 
top, the rest of the risers have blind tops for the 
reasons stated in Example One. This core is made on 
a jolt-roll-over machine and the sleeves are rammed 
directly in place in the core box without suffering 
breakage. 

This casting is particularly interesting since the 
heavy 214-in. thick body section is fed by risers at- 
tached to a thinner l-in. to 114-in. thick flange even 
though the casting was bottom grated. Directional 











solidification was secured by thorough chilling of the 
drag and heavy sections and the use of insulated 
risers and an insulating pad. 

Figure 6 shows a 3-in. long x 2-in. wide x 1-in. 
thick gypsum insulating pad that was placed under 
a riser and against the thin section above the heavier 
body section. The body section, it can be noted, is 


‘chilled with progressively lighter chills up to the pad- 


ded section. This assures a favorable thermal gradient, 
from drag section to riser. 

Figure 7 shows the location of the risers on this 
casting. The riser on the left is directly above the 
padded section. Placing of the risers in other loca- 
tions on the casting would have been impractical. 

The pouring weight of this casting was 38 lb and 
shipped weight was 21 lb, giving a casting yield of 


Fig. 7— Jet engine fuel pump casting showing insulated 
risers and bottom gating system. 
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Fig. 8— Jet engine fuel pump housing made in 355-T71 
aluminum alloy. 
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55.5 per cent. A low rejection rate was obtained by 
the use of the methods described above. 

Example Three. Figure 8 shows the housing 
used on the fuel pump body in Example Three. 
This casting must meet the same stringent quality 
requirements as the fuel pump body. Bottom gating 
is used as illustrated in Fig. 10, two open top 314- 
in. ID x 5-in. high permeable gypsum plaster riser 
sleeves are used to feed the casting and the drag is 
thoroughly chilled to secure directional solidification. 
After the casting is poured, the tops of the risers 
are covered with insulating compound. 

Figure 9 shows the two insulating sleeves imbedded 
in the cope core. It will be noted that the sleeves 
had to be fitted closely together so inserts were placed 
in the sleeve core boxes to reduce the thickness of 
one segment of each sleeve wall. 

The pouring weight of this casting was 36 lb and 
the shipping weight was 20 lb giving a casting yield 
of 55.0 per cent. A low rejection rate was incurred 
using these methods to produce this high-quality 
casting. 

Example Four. The 355-T51 aluminum bearing 
illustrated in Fig. 11 has a shipping weight of 110 Ib. 
It is machined all over and has a bearing raceway 
cut completely around the circumference of the out- 
side wall. It must be completely free of shrinkage 
porosity. 
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Fig. 9— Cope core for fuel pump housing showing fitted 
permeable gypsum plaster riser sleeves. 





Fig. 10 — Insulated risers and bottom gating on jet engine 
fuel pump housing. 
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Fig. 11 — Bearing made of 355-T51 aluminum alloy showing 
chilled areas (cross hatched) promoting directional solidifica- 
tion. 


Figure 12 shows the drag pattern complete with 
runner and gates. The gates enter the casting flange 
at the base of the risers thus promoting directional 
solidification. Heavy chills on the drag face of the 
casting and lighter chills about three-fourths of the 
way up the inner wall also control directional solidifi- 
cation. 

The cope pattern for this casting is illustrated in 
Fig. 13 and shows the location of the riser pads that 
position the eight 214-in. ID x 8-in. high insulating 
sleeves while the cope mold is being rammed. 

The pouring weight of this casting is 220 lb, giving 
a casting yield of 50.0 per cent. This usually difficult 
casting is produced easily with a low rejection rate 
using the above methods. 

Higher casting yields may be obtained on less criti- 
cal castings by using riser sleeves whose height has 
been reduced to approach the ID of the riser sleeve. 
Combination of intelligent use of chills with the use 
of insulated risers greatly aids in producing sound 
castings. 
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Fig. 12 — Drag pattern for aluminum bearing showing top 
gating to risers. 





Fig. 13 — Cope pattern for aluminum bearing showing riser 
pads to locate insulating sleeves. 


Perlite Riser Sleeves 

Boyle and Wolfer!® discussed the use of the min- 
eral perlite as a material for insulating sleeves. This 
mineral is a siliceous or acid lava containing 2 to 5 
per cent water still in solution in the rock and when 
the mineral is heated quickly to 1600 to 2000 F, it 
expands, each particle becoming a bubble of low 
density and high strength. The expanded perlite is 
an excellent insulating material and can be used to 
make insulating sleeves or as an insulating cover for 
the tops of risers. 

Sodium silicate is a suitable binder for the perlite 
because it does not appreciably detract from the in- 
sulating properties of the perlite. The perlite-sodium 
silicate mixture may be prepared in a sand muller. 
The mixture can be rammed into sleeves in a suit- 
able core box and is then dried at a high enough 
temperature to set up the sodium silicate. 


A cooling rate test has been made comparing the 





cooling rates of 355 alloy cast in 214-in. ID x 6-in. 
high sleeves of permeable gypsum plaster, of expand- 
ed perlite and of aluminum exothermic compounds 
with the cooling rate of the metal cast in 2144-in. OD 
x 6-in. high riser surrounded by green sand. Chromel- 
alumel thermocouples were inserted into each riser 
opening to a uniform depth of 4 in., connected to 
a multi-point recording pyrometer and aluminum 
poured simultaneously into each riser (Fig. 14). The 
tops of the risers were insulated with 1 in. of ex- 
panded perlite immediately after pouring. The cool- 
ing curves obtained are shown in Fig. 15. 

It will be noted that the cooling rate of the riser 
cast in the expanded perlite sleeve was such that it 
reached the freezing range about 11 minutes after 
the riser cast in green sand reached the freezing 
range. The riser cast in the gypsum insulating sleeve 
reached the freezing range 3 minutes after the riser 
cast in the expanded perlite sleeve. Since the perlite 
sleeves show insulating properties almost equal to the 
gypsum sleeves, it has been found possible, in some 
cases, to substitute perlite sleeves for gypsum sleeves 
in the foundry. The perlite sleeves generally prove 
somewhat cheaper since they can be produced faster 
than the gypsum sleeves. They are not as efficient 
insulators as the gypsum sleeves. 


Exothermic Sleeves 


Exothermic mixtures have been developed that can 
be used to produce exothermic sleeves, pads and 
knock-off cores. Such a mixture contains aluminum 
chips, an oxidizing agent such as sodium nitrate, a 
triggering agent such as magnesium chips, a filler 
such as sand to control the rate of the reaction and 
a binding agent so the mixture is moldable. The mix- 
ture is shipped ready to use with addition of water 
and may be mixed in a sand muller. The moistened 
mixture is rammed in a suitable core box and after 
withdrawal from the core box, the sleeve is baked 
at 400 F for about 2 hr. Care must be taken not 





Fig. 14— Test castings for comparative cooling rates of 
sleeve materials. 
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Fig. 15— Cooling curves for 355 aluminum alloy. 


to exceed this temperature or the mixture may ig- 
nite. prematurely. The core should be thoroughly 
vented from the top of the sleeve and around the 
periphery to a depth of about | in. from the bottom 
of the sleeve. This is necessary to release gases formed 
by the exothermic reaction. Sleeve wall thicknesses 
may be thinner than those of comparable gypsum 
or perlite sleeves because of the better thermal ef- 
ficiency of the exothermic sleeves. 

The cooling curve for a riser cast in a sleeve made 
from such an exothermic material indicates that the 
temperature of the metal in the riser may actually 
increase after pouring due to the liberation of heat 
from the exothermic reaction touched off by the mol- 
ten metal poured into the sleeve. The riser then 
cools at a considerably slower rate than risers cast 
in gypsum insulation. The riser cast in an exothermic 


sleeve (Fig. 15) reached the freezing zone approxi- 
mately 10 minutes after the riser cast in the gypsum 
sleeve. Thus, the exothermic risers are considerably 
more efficient thermally than the riser sleeves. 
Exothermic riser sleeves were applied to produc- 
tion castings and their excellent thermal efficiency 
was confirmed. However, the gases from the exother- 
mic reaction caused blows in some cases and intro- 
duced a gassing problem. The relatively high cost ot 
the exothermic mixture used ($0.24 to $0.26 per Ib) 
produces a more expensive sleeve than either the 
gypsum or perlite sleeve. A 6-in. high x 2l4-in. ID x 
34-in. thick riser sleeve costs about $0.70, as com- 
pared with $0.2625 for a similar perlite sleeve, and 
$0.2825 for a permeable gypsum plaster sleeve. The 
higher cost of the exothermic sleeves are balanced 
to some extent by their higher thermal efficiency 
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permitting a smaller sleeve to be used, which also 
increases casting yield. Exothermic sleeves cannot be 
placed directly against the casting surface as the re- 
action will produce a rough surface. However, work 
is being continued on the application of exothermic 
materials to aluminum casting production. 


Summary 

1. Permeable gypsum plaster, expanded perlite and 
exothermic mixtures, when used as riser sleeves pads 
and riser topping, promote controlled directional 
solidification, improving casting quality and increas- 
ing casting yield. 

2. Intelligent chilling, in combination with insulat- 
ing or exothermic materials, further aid in control- 
ling directional solidification. 

3. Table 1 charts a comparison of the three types 
of materials discussed in this paper. 
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DISCUSSION 


Chairman: W. D. Stewart, Aluminum Company of America. 
Pittsburgh, Pa. 

Co-Chairman: H. MANSFIELD, Wright Aeronautical Div., Cur- 
tiss-Wright Corp., Wood-Ridge, N. J. 

M. Bock II* (Written Discussion): Mr. Mader is to be con- 
gratulated on doing a very thorough job on the practical appli- 
cation of insulation to producing aluminum castings. 


We agree on the relative insulating ability of the various 
materials, but it should be noted that although the improvement 
of gypsum over perlite is only three minutes, this amounts to 
approximately a 21 per cent improvement. Whether the perlite 
sleeves are actually cheaper is a question. We find that the 
prices are comparable although the perlite sleeves being harder 
are superior from a shipping and handling standpoint in the 
shop. 

The exothermic sleeve is not as good for use on aluminum 
castings even though it has greater efficiency due to the fact 
that higher temperatures above the actual pouring temperatures 
are produced. This in turn in some critical alloys will adversely 
affect the grain structure of the aluminum inherently associated 
with maximum pouring temperatures and therefore, may prove 
to be deleterious on certain castings under given conditions. 

The gypsum-base or the perlite-base sleeves, although pro- 
longing solidification, do not change the temperature in the 
sleeve and thus no danger or changes in the grain structure can 
be effected. With exothermic riser sleeves the larger the riser 
the more the exothermic effect can be noted, as the more heat 
input is necessary to keep the whole riser at a higher tempera- 
ture as the insulating ability of an exothermic sleeve is not as 
good as a gypsum-base sleeve. Thus, in many cases, large risers 


TABLE | — COMPARISON OF PROPERTIES 








Expanded Permeable _Exothermic 

Perlite Gypsum Material 
Cost A B Cc 
Thermal Efficiency C B A 
Gas Contamination A A Cc 
Sand Contamination A B Cc 
Metal Contamination A A Cc 
Ease of Manufacture B C A 
Ease of Application A A B 


A— Excellent from the standpoint of — 
B — Fair from the standpoint of — 
C— Poorest from the standpoint of — 





over 20 in. in diameter effect a complete reversal of temperature 
during cooling when insulated strictly by gypsum. 

In other words, when pouring is finished the cold metal is at 
the top of the riser and the hottest metal is at the bottom of 
the casting or wherever the gate is in the casting. As cooling 
progresses at some point the riser top and bottom casting will 
all be the same temperature. At a later stage the top of the 
riser will be hottest and the bottom coolest and then the cast- 
ing is the coldest spot. If the volume of heat initially supplied 
is great enough, insulation will do an excellent job by itself and 
the exothermic sleeves are required only when the heat volume 
is low. 

Mr. Maver: The writer agrees with Mr. Bock. It is question- 
able whether perlite sleeves are cheaper than permeable gypsum 
sleeves, since various factors effect cost of sleeves and the cost 
of perlite sleeves versus permeable plaster sleeves may vary in 
different foundries. 

The writer has also noted the adverse effect of the exothermic 
sleeves on metal structure. There is a tendency toward coarser 
grain size in areas of castings directly under exothermic risers. 
However, as stated in the paper, the major problem with exo- 
thermic sleeves as far as metal quality was concerned appeared 
to be due to the tendency toward gas pick up caused by the 
exothermic reaction. In minor cases where gassing occurred, we 
noted an increase in pinhole porosity in areas under risers, 
while in major cases, severe blows were encountered. 

F. Eastwoop:? In view of the superior thermal efficiency of 
moldable exothermics as compared with permeable plaster has 
any direct comparison been made of casting yields using both 
products? 

I suggest that savings from the higher casting yields obtain- 
able with exothermics will more than offset their somewhat 
higher cost. 

Mr. Maper: Cost of exothermic material used to produce risers 
used by the writer was so high that superior thermal efficiency 
of exothermic risers versus the lower thermal efficiency of 
permeable plaster sleeves did not offset the higher cost of 
exothermic sleeves. 

C. Moyver:* What problems were encountered from sand con- 
tamination and what steps were used to overcome them? 

Mr. Maver: There is a definite problem produced by con- 
tamination of molding sand with used sleeves. Pearlite sleeves 
are not as injurious to molding sand since perlite is often added 
to molding sand as an anti-expansion agent. However, all dis- 
integrated sleeve material reduces green strength. The problem 
of sand contamination varies from foundry to foundry. We try 
to reduce the sand contamination by picking out the major 
portions of the sleeves, but there is definitely some unavoidable 
sand contamination. 

W. D. Watruer:* Use of exothermic riser sleeves for alumi- 
num alloys can be detrimental to mechanical properties of 
aluminum alloys. Some indication of this reduction in strength 
has been given in a paper by Walther, Adams and Taylor in 
the 1954 AFS TRANSACTIONS. 

As indicated by those authors, mechanical properties in the 
vicinity of exothermic risers dropped to approximately 60 per 
cent the mechanical properties of a similar position under a 
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riser in green sand mold. The fundamental reason for the de- 
rease in properties associated with use of exothermic material 
lies with the absorption of gas from these materials. 

Absorption of gas may be so great, as to cause visible porosity 
n the casting after the riser has been removed. This is espe- 
cially detrimental for use of exothermic risers with high quality 
castings. 

Mr. Maver: The writer agrees with Mr. Walther’s statements, 
but hopes that further development work may reduce the dele- 
terious effects of the exothermic risers in view of the superior 
thermal efficiency afforded by the use of this material. 

R. F. Datton:5 When do you use or not use riser sleeves from 
the standpoint of economy? 

Mr. Maver: We have tended toward increased use of the riser 
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sleeves to improve casting quality with accrued increased casting 
yields generally being incidental. Therefore, we use sleeves 
where difficult feeding problems are encountered. We have 
tended to apply skeeves to large, complicated, difficult to feed 
castings. However, this is the type of casting where normally 
the lowest yields are encountered, so from a casting yield prob- 
lem use of sleeves is also justified. 

Small bench jobs, especially where more than one casting is 
made in a single mold, seldom justify use of sleeves either from 
a feeding or a yield viewpoint. It also may be difficult to fit 
sleeves in the space available in these molds. 

Each casting actually becomes a special problem and must 
be considered as such from the quality, casting, yield, and cost 
viewpoint. 








PRODUCTION OF ALUMINUM ALLOY 


SPECIFICATION CASTINGS 


By 


Roy E. Paine* and Dr. P. V. Faragher** 


ABSTRACT 

In order to extend the application of aluminum 
alloy castings, the foundry industry must demonstrate 
that castings of uniformly high quality can be produced 
consistently. This paper discusses the role of specifica- 
tions in the production of aluminum alloy castings and 
describes methods of control which have been found 
to be essential in assuring uniform quality. Such 
factors as consideration of the requirements of the part 
during proposal, establishment of foundry methods, 
and foundry remelting, molding and heat-treating prac- 
tices and their effect on casting quality are discussed. 
The use of separately cast test bars and the importance 
of determining the actual mechanical properties of the 
castings are considered. 


A large and ever-increasing field for aluminum 
alloy castings exists in the aircraft industry as well as 
other industries where the attractive combination of 
light weight and good strength characteristics makes 
the use of these castings desirable. In recent years, as 
the design complexity of many structural parts has in- 
creased, the cost of producing these shapes by es- 
tablished methods, such as machining from wrought 
aluminum products, has made the use of the cast 
form increasingly economical. Castings will do a serv- 
iceable job in many highly stressed applications. 

It is the responsibility of the foundry industry to 
show that it has the tools available to produce a con- 
sistently uniform, high-quality product so that the 
economic advantages of castings can be realized. The 
purpose of this paper is to outline a number of im- 
portant methods that have been found essential in 
the controlled production of aluminum alloy castings 
to obtain a uniformly high degree of quality. It is 
thought that a more general application of these 
methods by the foundry industry will open up in- 
creasingly large fields for aluminum alloy castings. 


Purpose of Specifications 


Aluminum alloy castings for structural uses are in- 
variably ordered to some specification. In general, a 
specification is a document stating the quality re- 
quirements of a casting and the testing and inspection 
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procedures necessary to msure acceptable quality and 
performance. 

There are various types of specifications under 
which aluminum alloy castings may be ordered. Rec- 
ognizing the fact that certain basic requirements are 
necessary in all castings, regardless of application, the 
authors’ company has established basic control pro- 
cedures that apply whether or not a specification is 
referenced. These procedures are intended to insure 
that certain fundamental requirements, common to 
all casting production, are met for each order. The 
procuring agencies of the United States Government 
have a number of Military and Federal specifications 
covering light alloy castings. Various technical so- 
cieties, such as the American Society for Testing Ma- 
terials and the Society of Automotive Engineers, have 
also developed similar specifications. 

In some instances, the customers have their own 
specifications. It is suggested that, before submitting 
independent detailed specifications, the customers 
consider existing standard government or technical so- 
ciety specifications. Where it is necessary to amplify 
these standard specifications, other requirements can 
be added in the description on the order. 

There is some overlapping in the fields covered by 
the various specifications, as well as some variation in 
the requirements among the specifications. In gen- 
eral, most specifications for light alloy castings cover 
chemical composition, mechanical properties, free- 
dom from surface discontinuities, good workmanship, 
internal soundness, and the type and amount of test- 
ing and inspection required. On specifications for 
particular applications, other items, such as surface 
finish or pressure tightness, may be added. 

An important item in many specifications is the 
control of salvage procedures to be used when it is 
necessary to repair a casting by welding, peening or 
impregnation. If salvage is feasible for a particular 
part, the use of the correct procedure will result in a 
serviceable casting. 

Many of the items included in specifications may 
be subject to negotiation. For certain castings, it may 
be necessary to obtain a deviation from the customer 
on one or more of these items in order to comply 
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with other requirements that are more important in 
the case involved. 

The casting drawings are a necessary adjunct to the 
specification and may even, in a broad sense, be con- 
sidered a type of specification. They are obviously 
necessary for the construction of patterns and the 
production of castings. In addition to the dimen- 
sional tolerances and machining to be performed, 
they contain much information as to the quality re- 
quirements, such as the mechanical property require- 
ments, an indication of the critical and non-critical 
stress areas, radiographic and other inspection re- 
quirements, and the surface finish required. Federal 
Specification QQ-M-15la establishes that in case of 
conflict the requirements of the contract or order, the 
drawings, the detail specification, and the general 
specification prevail in the order named. 

Following a specification in detail does not nec- 
essarily insure the consistent production of good cast- 
ings. Because specifications are limited in their scope, 
it is not feasible to write one that would include all 
the items of importance in foundry operations. In 
order to produce high quality castings consistently, 
controls are necessary that may extend above and be- 
yond the bare requirements of the specification. The 
purpose of this paper is to describe the more im- 
portant of these controls as recognized by the au- 
thors’ company and show how they are related to the 
objective of insuring that the castings used are of the 
same quality as those that may have been destruc- 
tively tested to determine their suitability. 


Consideration During Proposal 


Consideration of the casting requirements and the 
specification under which the part will be produced 
should begin with the preliminary discussions between 
the foundry and the customer during proposal. In 
this discussion, all the requirements of the casting, as 
determined by the end use, should be clearly stated 
by the customer. 

The choice of alloy and temper defines a number 
of factors—such as the potential mechanical proper- 
ties, resistance to corrosion, finishing ability, and cast- 
ing characteristics—and their influence on the quality 
and cost of the castings produced. 

The choice of casting method is also important 
from the standpoints of dimensional tolerance, sur- 
face finish, internal soundness, mechanical proper- 
ties and cost. Today, a number o. casting processes 
are available for light alloy castings, among which 
are sand casting, permanent mold casting, plaster 
process casting and other types of precision molding, 
casting in composite molds, and die casting. The same 
general system of control can be used regardless of the 
casting method chosen. 

Another important factor in the preliminary dis- 
cussion is the relationship of casting design to foundry 
considerations. Such factors as section thickness, radii 
of fillets, and casting geometry may have an impor- 
tant bearing on the soundness of the castings pro- 
duced and on the engineering details of the load ap- 
plication. Often, a change relatively unimportant 
from the dimensional standpoint can be made which 
will result in increased soundness and lower cost in 
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the castings, or increased ability of the casting to 
withstand the load required. 

The fact that certain designs are prone to cause 
excessive prevalence of foundry defects or unsound- 
ness is stressed in Military Specification MIL-C-6021. 
Where excessive rejections are experienced it is re- 
quired that all the castings in the lot that have been 
accepted be re-examined before they may be used. 
While not so stated, it is further intended that the 
design be re-examined to determine whether a change 
will eliminate the difficulty. Cooperation of the de- 
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Fig. 1 — Typical sales order showing method of transmitting 

details of casting requirements to the foundry. In this case 

special instructions concern casting identification, but other 

requirements such as special testing procedures would be 
incorporated if needed. 


signer and producer during the initial stages of cast- 
ing proposal can prevent much of this difficulty. 

The objective in these preliminary negotiations is 
the production of an end product to meet certain re- 
quirements at the lowest possible overall cost. There- 
fore, it is advantageous first to review the essential 
requirements. Then a decision should be made, be- 
tween the foundry and the customer, as to whether 
the desired results, including finish and dimensions, 
can be obtained more economically by controls in the 
foundry or by controls in subsequent finishing oper- 
ations by the customer. 

It has been found of great benefit to record all the 
pertinent facts regarding the requirements of the 
casting on a suitable form. This form, together with 
the casting drawing, is sent to the foundry for esti- 
mating purposes. 


Order Entry 


After the price has been established and the order 
accepted, the sales order must be entered in a manner 
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that will provide all necessary information to the 
foundry regarding the specifications and requirements 
for the castings. The procedure adopted by the au- 
thors’ com pany to handle transmission of this infor- 
mation is illustrated in Fig. 1, which shows a typical 
sales order. 

Regardless of the particular form used, the sales 
order should carefully state the alloy and temper, the 
specification number or numbers, and any excep- 
tions taken thereto. It should also state if government 
inspection is required or if certification is necessary. 
Any special quality or inspection requirements, not 
defined by the specification or casting drawing should 
be made a part of the sales order so that there can be 
no misunderstanding as to the customer requirements. 


Production Planning 


It has been found of great benefit at this plant, 
both from the standpoint of production planning and 
of quality control, to use a procedure whereby groups 
of castings of the same part poured at one time are 
identified as a lot and go through the subsequent 
foundry operations together. At the time the sales 
order is received by the foundry a set of cards—one for 
each production and inspection operation to be per- 
formed—is issued for controlling the production of 
the order. A typical set of these operations cards for 
one lot in a casting order are shown in Fig. 2. These 
cards stipulate all pertinent information required for 
proper production of the castings and any special 
control requirements needed for the specific part. 

The operations cards accompany the lot of castings 
through all production operations until the castings 
are shipped. As each operation is completed the card 
for that operation, on which has been recorded the 
required data, is removed and forwarded to the 
production planning department. In this manner the 
status of production of any order is readily available 
at all times. At the time of shipment the pertinent 
individual operations cards are reassembled so as to 
provide a complete record that all the required op- 
erations were actually performed on the particular 
lot of castings represented by the cards. 

A system of this nature provides obvious advantages 
in scheduling and production control. There are also 
great advantages from the standpoint of quality con- 
trol. Not only can the required control procedure be 
set up before the castings are produced, but also a 
record that the operations have been carried out is 
obtained. The use of automatic business machines for 
preparing and collating the cards has been found ef- 
fective in speeding up production control procedures. 


Establishment of Foundry Methods 

Before the casting is released for production it is 
desirable to make sample castings to establish the 
foundry technique to be used. This step is sometimes 
referred to in specifications as the establishment of 
foundry control, but in a larger sense can be con- 
sidered as providing, for each part, the best method 
for producing uniformly high quality castings from 
the standpoint of internal soundness, surface quality 
and dimensional control, at the lowest possible cost. 

It has been found advantageous in many cases to 
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Fig. 2— Typical set of operations cards for a production lot 

of castings. Each of the small cards provides instructions for 

the individual operations to be performed on the castings. 

Note the provision also for recording pertinent information 
regarding history of the lot. 


have a methods group, consisting of a member of the 
foundry operating supervision, an industrial engineer, 
and a foundry metallurgist, study the requirements 
for each new part and decide on the tentative gating, 
risering and chilling, and the trimming operations 
required. 

Sample castings are poured using the proposed 
technique. These are subjected to visual inspection, 
an internal quality evaluation by radiography, and a 
dimensional inspection by the foundry and the cus- 
tomer. If necessary, the foundry technique is revised 
on the basis of the results of this inspection and more 
samples poured. This is repeated as many times as 
necessary until the procedure is established to pro- 
duce castings meeting all the requirements. Approval 
of the sample casting is then obtained from the cus- 
tomer. 

Since castings may in many cases be replacing forg- 
ings, and since the practice of making mechanical 
property surveys of initial production is common for 
this latter product, similar surveys of properties of 
the casting may be desired as a supplement to informa- 
tion provided by separately poured test bar and break- 
down tests. The application of such tests will be con- 
sidered in more detail in connection with the discus- 
sion of mechanical properties later in this paper. 

After the foundry method has been established and 
other requirements such as mechanical property sur- 
veys completed, the production of the order must be 
rigidly contrelled so that all the castings will be uni- 
form in quality with the sample. When approval of 
the foundry control castings is obtained, a standard 
practice card, illustrated in Fig. 3, is issued for the 
part. This completely defines the foundry technique 
to be used in production and is intended to assure 
uniformity of quality not only throughout an indi- 
vidual production lot but also on subsequent lots and 
repeat orders. 


Foundry Remelting Operations 


The treatment and handling of the metal during 
remelting operations are of great importance to the 
soundness and mechanical properties of the castings. 
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Fig. 3— Foundry standard practice form prepared for each 

part when a satisfactory foundry method is established. All 

the important practices are recorded on this form and it 

becomes a part of the instructions to supervision for each 
succeeding production run. 


In the past, optimum control of chemical composition 
was provided by the use of pre-analyzed ingot. The 
development of direct-reading spectrographs and 
rapid sample delivery systems has made it possible to 
use carefully segregated operating scrap for furnace 
charges in the foundry, since it is now possible to have 
an analysis of the metal before it is poured. Figure 4 
shows a typical installation of one type of direct- 
reading spectrograph. By means of these instru- 
ments, an analysis of a sample for eleven elements 
can be completed in 5 min or less on a routine basis. 

It has been demonstrated that excessive hydrogen 
gas, resulting from the reaction of water vapor in the 
atmosphere with molten aluminum, when dissolved 
in aluminum alloys in the molten state affects the 
soundness and the mechanical properties of the re- 
sulting casting. The production of high quality cast- 
ings requires dependable methods for the control of 
this gas content. 

Proper fluxing of the molten metal removes dis- 
solved hydrogen and also helps free the melt of sus- 
pended oxides and non-metallics, and provides a 
means for controlling porosity and dross inclusions 
in the metal to a uniformly low level. For effective 
removal of dissolved hydrogen and suspended oxides, 
it is necessary to pass a suitable gas, such as nitrogen 
or chlorine, through the melt, while controlling the 
time and rate of flow of the fluxing medium as well 
as the temperature of the melt. Suitable instruments 
for measuring the flow rate of the gases used for flux- 
ing have recently become available, and are of great 
value in insuring more uniform metal treatment, and 
hence more uniform metal quality. 

In order to determine the efficiency of the fluxing 
operation and the degree of gas removal, it is im- 
portant to know the gas content of the melt. There 
are methods now available for readily determining 
the gas content of molten aluminum alloys. 

One of the most useful in the authors’ foundries 
involves the solidification of a sample of the metal 
under a vacuum and measurement of the density of 
the solidified specimen. This is a practical method 
that is accurate and rapid enough to be used for con- 
trol purposes. It can be used to establish optimum 
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standard fluxing practices for general application, 
and it can also be used as an inspection and quality 
control tool to determine that these practices are 
actually delivering metal with the uniformly low gas 
content required for uniformly high quality castings. 

In order to minimize gas pickup by the molten 
metal following degassing, control of the temperature 
of the metal and the holding period between fluxing 
and pouring is required. In addition to its effect on 
gas content, holding the melt for extended periods 
at elevated temperature tends to produce an inferior 
metallurgical structure in the resulting castings. It is 
therefore essential that each furnace be equipped 
with a thermocouple and the temperature of each 
melt measured and recorded at regular intervals. Fig- 
ure 5 shows a group of typical foundry melting fur- 
naces with thermocouples in place. 

It has been demonstrated that aluminum alloy 
castings should be poured within a rather narrow 
temperature range to insure maximum soundness in 
the casting. The temperature must be high enough to 
avoid misruns and permit non-metallics to separate, 
and yet as low as practicable so as to avoid difficulties 








Fig. 4 — Direct-reading spectrograph capable of rapid routine 
analysis of foundry melt prior to pouring. 


with shrinkage and other discontinuities which may 
arise from the solidification characteristics of the al- 
loy. 

Pouring temperature has been found to have a 
demonstrable effect on the mechanical properties ob- 
tained in castings, so it is essential to casting uni- 
formity that the optimum pouring temperature for 
each part be used consistently. Certain design details 
sometimes require pouring temperatures which ad- 
versely affect the properties of the casting as a whole. 
Wherever possible, these details should be adjusted 
at the consultation or the sampling stage. 


Foundry Molding Operations 


In order to produce castings of consistently high 
quality, the molding technique used must be carefully 
controlled. During production of the castings, the 
standard practice card mentioned previously dictates 
to supervision the details of gating, risering, chilling, 
pouring temperature, and other important factors 
which must be duplicated accurately if production 
castings are to be uniformly of acceptable quality. 
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Wherever practical, the gating and risering should be 
placed on the pattern itself so that these details are 
reproduced uniformly. 

Tests should be made for the moisture, strength 
and permeability of molding sand and for the strength 
and permeability of cores. This is important in order 
to avoid discontinuities such as blows and hot cracks 
which may arise as a result of the properties of the 
molding media. 


Inspection Operations 


For control of the quality of the castings produced, 
it is essential that they be subjected to a well-trained, 
well-organized inspection at the earliest possible op- 
portunity. After the castings are shaken out of the 
molding sand, they should be given a visual inspec- 
tion. Statistical sampling plans may often be used to 
advantage in process inspection for control purposes. 
If discontinuities are found, corrective action can be 
taken immediately. During the production of the 
castings, a number of castings are taken at intervals 
for determination of internal soundness by radiog- 
raphy. 

Final radiographic inspection of finished castings 
has been used for a number of years. It is equally 
important, however, to use radiography as a produc- 
tion control tool. An x-ray unit located in the foundry 
has merit in that results may be obtained rapidly and 
any corrective action necessary taken as soon as possi- 
ble. 

Several improvements in penetrant inspection have 
been made in recent years which provide a more 
sensitive test than the old kerosene-chalk test. These 
are used to advantage as adjuncts to visual inspection 
and make it easier to detect small or obscure defects 
which extend to the casting surface and are not 
readily visible. Here again, to obtain the maximum 
benefit as a production control tool, the equipment 
for penetrant inspection should be located in the 
foundry, so that castings can be checked while pro- 
duction is still continuing. 

Permanent Mold Casting 

In the production of castings by the permanent 
mold process, the same principles of metal treatment 
and handling apply. In addition, control of the type 
of mold coating applied to the casting cavity and its 
thickness is necessary, as these are factors that affect 
the solidification rate of the metal and consequently 
the microstructure and soundness of the casting. Mold 
temperature must also be controlled for the same 
reason. 


Heat Treatment 


In the heat treatment of aluminum alloys, in order 
to obtain consistent mechanical properties it is nec- 
essary to exercise close control over furnace tempera- 
tures, furnace atmospheres, heat-treating time cycles 
and quenching temperatures. In order to avoid eutec- 
tic melting and yet obtain the maximum degree of 
solution of the alloy constituents, it is necessary to 
maintain the heat-treating temperature within a very 
narrow range. The temperature throughout the fur- 
nace chamber must be uniform, and furnace surveys 
should be made at frequent intervals to determine 
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this point. Artificial aging temperatures must also be 
uniform throughout the charge and closely controlled 
to obtain the desired mechanical properties. 

The temperature of the quench after solution heat 
treatment must be controlled to provide a sufficiently 
rapid quench without excessive distortion of the cast- 
ings. This condition is best met by using boiling water 
as the quenching medium, particularly when a mini- 
mum of distortion on machining is desired. 

In order to provide adequate information on heat- 
treating conditions, heat-treat operators are furnished 
standard practice sheets giving the temperatures and 
furnace cycles for each alloy and temper, as well as 
any special control conditions essential to a uniform 
heat treatment. 

After solution heat treatment, the castings are 
checked for warpage and, if necessary, straightened 
before artificial aging. 

As the mechanical properties and resistance to cor- 
rosion of aluminum alloys are a function of the heat 
treatment, careful attention to the details outlined is 
of great importance in the production of castings. 


Test Specimens and Mechanical Properties of Castings 


The mechanical properties of aluminum casting 
alloys for specification purposes are normally based 
on tests of separately cast test specimens having a 
test section 14-in. in diameter. This test specimen 
casting has been designed to provide reproducibility 
of results and to reflect changes in composition, 
metal-handling practices or heat treatment as may 
occur during its production. Separately cast test speci- 
mens are useful as a process control, but their me- 





Fig. 5— Group of foundry melting furnaces showing thermo- 
couple equipment for control of pouring temperature. 
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chanical properties are not necessarily the same as the 
mechanical properties of the castings they control. 

The casting properties may be higher or lower, 
depending on a number of factors such as section 
thickness and casting geometry which influence the 
solidification rate of the metal in the mold, or the 
soundness of the casting section. Because of this, the 
mechanical properties of test specimens machined 
from a single casting will also vary depending upon 
the location in the casting. Many specifications have 
recognized this situation and require that the average 
tensile strength and elongation of specimens machined 
from the heaviest, intermediate, and lightest section of 
a casting be not less than 75 and 25 per cent, respec- 
tively, of the tensile and elongation values required 
for separately cast test specimens. 

It is further recognized, however, that this relation- 
ship was established for castings of a wide variety of 
size and section thickness and that the designer today, 
particularly in aircraft applications, requires more 
specific information regarding the mechanical prop- 
erties that can be expected in each given casting de- 
sign. It should be practicable to arrive at the proper- 
ties which can be expected in specific locations by 
mechanical property surveys of production castings. 

Some producers and users of castings have accumu- 
lated a considerable amount of this type of informa- 
tion in connection with the development and evalua- 
tion of foundry methods in particular casting appli- 
cations. Much of this information can be used for 
design purposes or as the basis for negotiation be- 
tween foundry and customer with regard to the 
properties which can be expected in a given part. 
When agreed upon between the purchaser and the 
foundry, conformance with these expected properties 
can be determined by mechanical property surveys of 
initial production followed by additional surveys on 
a regular basis as production proceeds. 

In the case of highly stressed areas, it may be ad- 
visable to base the acceptance of each lot on the re- 
sults of specimens machined from cer.ain critically 
stressed portions of the casting. Federal Specifications 
QQ-A-596a and QQ-A-60la, among others, provide 
for such an acceptance test procedure. A breakdown 
test may also be made on the casting in which the 
part is loaded in a manner similar to that encountered 
in service. This not only proves the quality of the 
casting but also the suitability of the design. If made 
on castings sampled from each lot shipped, this type 
of test provides valid information as to the consistency 
of the quality of the castings. 

Breakdown tests provide better information regard- 
ing the serviceability of the casting than is obtained 
even from test specimens machined from the part, 
since small discontinuities, which do not appreciably 
affect the strength of the casting as a whole, may re- 
duce greatly the properties of a test specimen with a 
relatively small cross-sectional area. 

These testing and control procedures add to the 
casting cost and may increase delivery time. They 





1. R. A. Colton and D. L. LaVelle, “Test Bars for Copper 
and Aluminum Base Alloy Castings,” Foundry, vol. 82, June, 
1954, pp. 96-101 and 208-218, and vol. 82, July, 1954, pp. 100- 
105 and 246-251. 
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may be justified, however, in those highly stressed 
applications where maximum assurance is desired as 
to the performance of the part in service. The control 
procedures discussed in this paper are, of course, 
those necessary to insure that the parts not tested are 
of the same strength and quality as those destructively 
tested. 

It is sometimes suggested that integrally cast test 
bars, molded as an appendage to the casting, be used 
instead of separately cast test bars. It has been dem- 
onstrated that integrally cast test bars do not neces- 
sarily reflect the mechanical properties of the cast- 
ings any more than do separately cast test bars.2 Be- 
cause of the effect of section thickness and casting 
geometry already mentioned, it would be necessary, 
in many cases, either to gate and riser in such a man- 
ner as to provide good properties in the test bar at a 
sacrifice of those in the casting, or use a foundry 
technique in favor of the casting that would result in 
failure of the test bar to meet the required properties. 

An example of this is shown by the results of tests 
on a relatively simple casting in aluminum 195-T4 
alloy. 


TABLE 1 — RESULTS OF MECHANICAL PROPERTY 
DETERMINATIONS ON END PLATE CASTING 











Casting No. 1 Casting No. 2 
Tensile Tensile 
Strength, EI. Strength, El. 
Type of Test psi % 2 in. psi % 2 in. 
Individually cast 
4 rrr errr 29,800 9.0 $2,100 8.0 
Attached test bars...... 24,650 5.0 30,450 6.0 
Test specimens 
machined from 
castings in 11 locations 
Maximum ........... 43,250 8.7 33,400 12.0 
NS since case 27,500 2.7 26,500 2.7 
re eee $2,450 4.7 29,750 5.6 
Breakdown test, 
failure in Ib.......... 8,090 7,110 





Two castings were made with slightly different 
foundry technique. For casting No. 1 the technique 
was developed to give maximum strength to the cast- 
ing. The technique used for casting No. 2 gave maxi- 
mum properties to the attached test bar but inferior 
properties in the casting. The results show that, from 
a designer’s standpoint, the best casting was not the 
one having the best results for the attached test bar, 
in that both the average strengths of the specimens 
machined from the casting and the breakdown load 
on the casting as a whole show the opposite results. 

In order to ascertain definitely the mechanical prop- 
erties in a casting, it is therefore necessary to machine 
test bars from the actual casting and test those bars, 
or conduct a breakdown test on the whole casting. As 
indicated above, these procedures may be carried out 
in the case of a new design to determine the mechani- 
cal properties which may be expected in the castings, 
or they may be done at the option of the customer on 
castings from each lot shipped. 


2 T. D. Stay, E. M. Gingerich and H. J. Rowe. “Strong Alumni- 
num Castings Are Obtained by Improved Foundry Practice,” 
The Foundry, Dec. 1, 1930. 
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Conclusion 

It has often been said that quality cannot be in- 
spected into a product. In the production of specifica- 
tion castings, quality control is necessary in all opera- 
tions to assure a final product that will consistently 
meet its rquirements. A workable, comprehensive 
system of quality control which extends to all phases 
of production is required if the foundry industry is 
to extend the applications of castings to meet the in- 
creasing requirements of present-day engineering, and 
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if it is to assure the casting user that the quality and 
strength of all castings of a particular part are equiva- 
lent to those of parts destructively or proof-tested. 
Although the details of this paper refer to the pro- 
duction of aluminum alloy castings, what has been 
said in general applies equally well to magnesium al- 
loy specification castings. The methods described are 
those used in the authors’ foundries, and have been 
found from experience and careful study to be the 
most suitable for high quality casting production. 








STEEL CASTINGS 


THEIR ENGINEERING ADVANTAGES IN WELDMENTS 


By 


E. J. Wellauer* 


INTRODUCTION 


An increasing number of engineers are aware of 
cost savings made possible by judiciously welding steel 
castings together or to rolled, forged or stamped sec- 
tions. Illustrations have been published by Felt,? 
Mikulak,? Gibson? and others. It is also becoming 
more certain that in addition to cost savings, other 
benefits can be secured which are distinctly engineer- 
ing advantages. 

Recognized as a common fact is the comparable 
conventional physical and metallurgical properties of 
ferrous materials in the cast, welded, forged or rolled 
forms. Substantiating data have been presented by 
Smith and Bolton,* Mueller and Smith,5 and Wel- 
lauer.6 This being true, the matter of specific quality 
and economics largely dictates the particular forming 
operation. 

Recognized as a general concept is the importance 
of Materials Engineering in influencing the cost, 
profit and economic performance level both in pro- 
duction and in design of industrial machinery. Selec- 
tion of the forming operation is particularly im- 
portant if optimum engineering advantages are to 
be secured at a suitable cost level. 

Recognized as a practical reality by many engineers 
through repeated experiences is the advantageous cost 
reducing and engineering superiority resulting from 


*Assistant Chief Engineer, The Falk Corp., Milwaukee, Wis. 
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the use of steel casting as a forming operation and 
welding as a joining technique. This follows the 
general conclusion of Wilson? who states that, “It is 
cheaper to form than it is to weld. . .” 

To promote this fundamental idea to its ultimate, 
the Falk Corp. maintains as a customer service a 
specialized engineering section devoted exclusively to 
studying the practical benefits of combining steel 
castings with forgings and rolled products. Since the 
company has, as a part of its facilities, both a large 
open-hearth steel foundry as well as a large weld shop, 
the final designs are unbiased and are based upon 
the best technical and economic features. 

A number of commercially developed structures 
designed by this specialized engineering group will be 
presented to serve as guides for those interested in 
investigating and adopting this proven method of 
construction. Steel castings incorporated in weld- 
ments are most likely to be advantageous in regard 
to quality production, useful properties and simplified 
design. 


Quality Production 
Proper application of steel castings to a welded 
structure can provide engineering advantages which 
are realizable because of factors which increase quality 
of the final product resulting through improved cast- 
ing, welding and machining procedures. 


Casting. Most certainly the designer specifying 
steel castings for highly stressed components has been 


~~ & 





Fig. 2 — Machine base — composite weldment. 
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Fig. 3 — Rope drum — composite weldment. 





Fig. 4— Rope drum — steel casting and plate. 


apprehensive regarding their quality or freedom from 
defects. Yet, it can be stated unequivocally that both 
soundness and cost of a casting are primarily de- 
pendent upon mechanical design. Hence, lower fac- 
tors of safety are possible for designs in which the 
casting can be relied upon to be within specified 
quality limits. Use of welding makes it easier to 
obtain a required quality levei. 

When metal enters a mold during casting, it should 
flow with a minimum of disturbance. Appendages 
which agitate the flow should not be used. Thin cores 
or dividing walls which might spall when subject to 
hot metal are to be avoided. These walls can be 
welded plate inserts, thereby allowing full strength 
to be used in design computations. 

Because of differences in solidification temperatures 
and fluidity, the minimum section thickness which 
can be poured with reliability is limited. The values 
suggested for cast steel by The Steel Founders Society 
of America8 are shown in Fig. 1. 

Obviously, if thicknesses below these are needed for 
minimum weight or other functional reasons, use of 
thin sheet or plate welded into place fulfills the en- 
gineering requirement. As an example, the machine 
base in Fig. 2 was initially a two-piece casting de- 
signed to reduce the section thickness by reducing the 
major flow dimension. 

Because of the two-piece design, four tie bars were 
required to satisfactorily carry the load. In the re- 
design, plates were substituted for cast walls and a 
one-piece base resulted which, because of increased 
section modulus, required only two tie bars. Use of 
steel castings was limited to those portions of the 
base better suited for this method of forming. 

Most steel castings made have risers which are 





STEEL CASTINGS 


reservoirs to compensate for fluid metal shrinkage and 
also to act as heat gradient regulators to control di- 
rectional and progressive solidification. If these two 
functions are not completely fulfilled, internal defects 
are likely to occur which must be considered when 
selecting design stresses or loading. 

When the distance the riser must feed is excessive 
for the section thickness involved, various foundry 
techniques such as “padding” or “wedging” can be 
used augmented, if necessary, by chills. A long tube 
of relatively thin section would be typical of a 
statically-cast structure presenting insurmountable 
difficulties in properly feeding to get soundness 
through the length and across the section. 

If overall machining is required particularly to 
considerable depth, consideration would have to be 
given to the design. Two solutions to this problem 
are shown in Figs. 3 and 4. For a rope drum of small 
diameter, Fig. 3, the body was a centrifugally-cast 
tube to which were welded the end flanges which can 
be easily cast. For the large drum in Fig. 4, the main 
body was formed plate with the two end and center 
flanges being steel castings. —The weld grooves shown 
were joined by the submerged arc process with the 
drum rotating in a positioner. 

Hot tears are another casting defect which can be 
minimized by careful design. Hot tears result from 
temperature gradients establishing different rates of 
contraction during solidification inducing stresses 
because resistance of the sand is sufficiently great to 
cause fracture. 

Abrupt changes in section, sharp angles and non- 
uniform webs connected to flanges are possible stress 
locations and sources of hot tears. Where hot tears 
are known to exist and cannot be tolerated, costly 
inspection and repair are required if the section is 
to be stressed efficiently. 

In applications similar to the rope drums, Figs. 3 
and 4, the possibility of a hot tear is eliminated by 
the composite design. The designer should consult 
with his foundryman regarding this phase and a 





Fig. 5 — Gear case component castings. 
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structure consisting of separate castings welded to- 
gether can often assure perfect sections enabling the 
highest allowable design stresses to be used. 

When light and heavy sections join in a casting, 
it is sometimes costly and difficult to obtain sound 
metal. The highest localized stress is usually devel- 
oped at abrupt changes in section. If a proper taper 
cannot be provided, the light section can be joined 
by welding. 

Easier molding, founding and cleaning resulting 
from more simple castings welded together or to 
fabricated forms can often result in superior en- 
gineering performance because of improved quality 
resulting from more reliable and thorough inspection. 
Further, higher quality standards of acceptance can 
he more economically justified for small sub-castings 
whose scrappage would involve less cost than that of 
a large single component. 

In addition to engineering improvements and cost 
savings secured in the foundry by designing for skillful 
use of welding as a joining means, these advantages 
are compounded in the weld shop by proper utiliza- 
tion of steel casting characteristics. 


Welding. Steel casting is a means of forming metal 
and economies are to be expected although this paper 
is primarily involved with engineering properties. It 
should be noted that the initial start of a weld can be 
of lower quality. In many highly stressed parts, this 
first portion (particularly for automatic welds) is 
chipped out and rewelded. 

It is desirable when a large number of short welds 
are indicated by preliminary design studies to direct 
the final design to a steel casting and get better prop- 
erties which, in turn, can lead to further reduction in 
factors of safety and in cost. In fact, some of the best 
reductions in cost are secured with steel casting for 
parts which, if of welded construction, would require 
many short welds. In addition, numerous short or 
unconventionally located welds require considerable 
positioning if quality is to be maintained. 

Unless proper penetration is obtained in a weld, 
lower joint strength must be accepted. Such hard to 
weld configurations can be easily made in steel cast- 
ings with simple cores and should be considered where 
maximum stress efficiency is required. 

Distortion and locked-up residual stresses which can 
have an important effect upon load-carrying capacity 





Fig. 6 — Gear case as completely welded. 
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Fig. 7 — Compressor body. 


can be minimized or avoided by properly utilizing 
steel castings as the keystone of final assembly. 

Edge or groove preparation can be reduced by 
utilizing cast components. An example of a design 
composed quite largely of castings is shown in Fig. 5. 
The weld scarf was cast requiring only a simple grind 
for final preparation. The flat components required 
a minimum foundry flask size and because of simpler 
feeding were of improved quality. Addition of plates 
and pipes welded to the sub-castings resulted in the 
case shown in Fig. 6. 

Improvements in quality and reduced cost by com- 
bining castings into weldments can also be secured in 
the machine shop. 


Machining. With the cost savings inherent with 
steel castings, quality can be assured by premachining 
importantly stressed surfaces for minute inspection. 
The pump housing shown in Fig. 7 is a typical ex- 
ample. The necessity for having complex internal 
passages which would be difficult to cast, clean and 
inspect dictated that the casting be divided into two 
sections joined together by a welded band. The two 
halves were premachined which allowed a critical 
inspection to be made of all important areas. Sub- 
castings sometimes can be premachined on smaller 
machines with hourly rates sufficiently low to warrant 
the operation for better inspection made possible. 

When large flat areas are to be machined, absence 
of a cast skin and more closely controlled finish stock 
acts as an advantage to steel plate. This advantage 
can be secured in the finished design by properly 
welding castings to the plate. Figure 8 shows a base 
in which both the cast steel bearing blocks and the 
slotted back plate were premachined before welding. 

Engineering advantages of the use of steel castings 
in a welded structure as obtained in the foundry, 
weld shop and the machine shop are closely related 
to securing or improving quality by more reliable 
manufacturing and inspection techniques. These 
improvements often can be secured with a simul- 
taneous reduction in cost. In addition, there are also 
several other salient engineering advantages which 
make steel castings a logical choice in a welded 
structure, 











Fig. 8 — Machine base — premachined elements. 


Properties 

The range of physical properties or chemical com- 
positions commercially available in plate and other 
rolled materials is limited. For steel castings these 
limitations are not as restrictive. The smaller sized 
heats normally used for castings allows greater flexi- 
bility and the engineer can select an analysis which 
with proper heat treatment, can be readily obtained 
to meet the exact design needs at a minimum cost. 

Most steel castings have a higher tensile strength 
than rolled products of similar carbon composition 
because of the effect of the manganese and silicon 
content acquired by virtue of the melting practices 
conventionally used in the foundry. 

Usefulness of high strength steels at locations in a 
weldment having the highest. stress should be obvious 
to the designer. The practice has been universally 
used for bolted and other types of assemblies. 

A typical example of the practice is the gear wheel 
shown in Fig. 9. The outer rim into which the heavily 
stressed teeth are cut is an alloy cast steel. The arm 
portion is a plain carbon steel. After final heat treat- 
ment, tensile and endurance properties in the rim are 
higher than in the arm portion due to the response 
of the alloy to heat treatment. The same process has 
been used when high hardnesses are required at a 
localized area to resist wear. 

Use of a steel casting is particularly merited when 
some complexity exists in the configuration. Hazards 
of extensive welding on the wear-resisting high alloy 
can be minimized by reducing the welding to the 
joint with the main weldment, which joint should be 
maintained at a minimum length and designed with 
the least possible restraint. 

In like manner, selection of a material to provide 
the required ductility, toughness or impact resistance 
can be provided by the appropriate use of a casting 
or a plate at the proper location. Use of fully-killed 
steels normal to the casting process sometimes provides 
a more adequate transition temperature in the mate- 
rial which can be utilized to resist brittle crack propa- 
gation or other forms of brittle failure. 

It should be quite apparent that the steel casting 
process is the ideal manner in which to form steels 
of analyses which might be difficult, if not impossible, 
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to form by pressing, rolling or similar procedures. 

Metallurgical properties such as _ hardenability, 
weldability, carburizing, etc., are similar for cast, 
rolled and wrought steels of identical analysis. This 
fact allows the materials engineer and designer to 
evaluate steel castings as part of a weldment on the 
basis of cost and properties as well as design. 

Value of utilizing steel castings, because of their 
distinctive contribution to superior design possibili- 
ties, can be of utmost engineering importance. 


Design 

Since casting is a means of forming materials, one of 
its outstanding characteristics is the ease with which 
desired shapes, curves, etc., can be obtained. This is 
an advantage because of the liberty allowed to obtain 
a pleasing appearance. On the functional side, the 
ability to streamline is of considerable value for parts 
carrying a flowing fluid to minimize turbulence, in- 
crease flow capacity and decrease power requirements. 

An outstanding use of structures combining cast- 
ings in a weldment is that in which design revisions 
might have to be made. These revisions might be- 
come necessary because of field experiences, changes 
in requirements or specifications as well as for in- 
ventory control of non-symmetrical designs. Right- 
and left-hand components can be made from common 
castings and plates with the hand being obtained 
during assembly or by welding on the non-symmetrical 
appendages as required. 

For designs requiring a minimum of deflection, par- 
ticularly when weight reductions are desired, a skillful 
combination of castings or plates most easily produces 
the required section modulus. For example, flat sur- 
faces at a distance from the neutral axis can easily 
increase the section modulus to required values with 
thicknesses considerably below that which can be 
cast successfully. 

Removal of cores for casting an enclosed box section 
might be impossible or expensive. In these cases, a 
light rolled plate welded to the casting fulfills the 
function. When a skin is required to be light enough 
to deflect sufficiently to act as a Wagner beam or 
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Fig. 9 — Gear — cast weld construction. 
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stressed skin construction, the thickness required for 
casting might defeat the function. Here a light 
wrapper plate as used in the yoke, Figs. 10 and II, 
erves satisfactorily. 

The problem of redesigning a structure from cast 
iron to steel usually raises the question of noise or 
vibration. Much is made of the damping capacity of 
cast iron when in reality the troubles which have 
been experienced have been due to improper atten- 
tion to design considerations of the elastic system. 
The proper approach can be illustrated as follows: 

The equation for the frequency of vibration of 
rectangular plates is given by Hearman:® 


a ee as 
wo = V 1p (eV) a2? Si (1) 
where a = length of shorter side of plate 
b = length of longer side of plate 
w. = frequency of vibration for a certain 


mode 
k = constant corresponding to the mode, 


b 
the ratio —, and the edge support con- 
a 


dition 
= thickness of the plate 
= Young’s modulus of elasticity 
density of plate material 
= Poisson’s ratio of plate material 


<0 > 
II 


The ratio of the thickness between a steel and a 
cast iron plate with the same dimensions “a” and “b” 
giving the same frequency for any mode of vibration 
can be found from Equation (1). The ratio com- 
putes to be 0.77. Since the changes from cast iron to 
steel usually involve reduction in section of from 4 to 
10, it is obvious that increased frequencies and higher 
vibrations are to be expected. 

The problem can be eliminated by designing the 
plate dimensions and thickness or boundary condi- 
tions so as to remove the natural frequencies away 
from the forced frequencies or at the least to lower 
the tone to a frequency less objectionable to the 
human ear. Adequate design made possible with the 
freedom allowed by combining castings in a weld- 





Fig. 10 — Yoke — setup view. 
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Fig. 11 — Yoke — finish welded. 


ment (or plate in a casting) enables vibrations to be 
suppressed to inconsequential magnitudes. 

These problems of contour and other performance 
characteristics are helpful tools for the progressive de- 
signer. However, control of such items as stress con- 
centration by the combination of steel castings in a 
weldment can have a powerful influence upon the 
design, performance and cost of a machine element. 

Stress concentrations in service can be encountered 
at changes in section similarly to that shown in Fig. 
12. Stress at the fillet can be 1.5 to 3 times the nomi- 
nally computed stress decreasing with increasing radii 
size. Therefore, changes in design to reduce stress 
concentration by means of a larger fillet easily obtain- 
able in a casting can provide a greater increase in 
strength than is economically possible by changes in 
material and heat treatment. 

Cognizance must be given the fact that the raw 
weld bead in itself has a high stress concentration 
factor. Effect of this rough surface can be minimized 
by grinding flush or placing the weld away from the 
location of high stress concentration as illustrated in 
Fig. 13. The stub can easily be made a part of a 
casting, providing the largest radii, having a cast 
scarf, and even being of a higher strength material 
than normal plate to more successfully carry higher 
localized stress. These techniques are all used in cast 
steel bearing ends of the yoke, Figs. 10 and 11. The 
center hub is also a steel casting premachined before 
welding. 

Advantage of lower stress concentration of a smooth- 
ly contoured casting was realized in design revision of 
the large structure shown in Figs. 14 and 15. Note 
that a flange was added to the casting to increase 
strength and rigidity although plate and welding were 
still retained where it was technically most effective 
or economical. 

Briggs!® and Marek'! have provided detailed in- 
structional data useful for designing castings. 


Summary 


Steel castings as a component of weldments are 
being used widely because of the savings in cost that 
are possible. 

Steel castings in weldments also prove their useful- 
ness as an advantageous method of forming to in- 
crease product quality particularly in founding, weld- 














574 
8 
° +200 w 
ACTUAL STRESS WITH +180 a 
STRESS CONCENTRATION ee * 
120 2 
}_jioo = 
f ° 
2 
NOMINAL STRESS ~ 
e 
4 
] | 
DISTANCE FROM LOAD a 

7 














Fig. 12 — Beam with stress concentration. 


ing and machining operations. Increased quality is 
due to simplified manufacturing and inspection tech- 
niques which usually result in additional cost savings. 

Steel castings in weldments also afford a selection 
of properties which have proven to be an engineering 
advantage impossible to secure by other means. 

Steel castings in weldments also enable superior 
designs to be made because of ease of forming desired 
contours, increasing rigidity, minimizing vibration, 
improving performance and controlling stress dis- 
tribution. 
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Fig. 14 — Welded structure. 


Fig. 15 — Revised composite weldment. 





Inc 


55- 





CLAY, FINES, AND WATER RELATIONSHIPS. 
FOR GREEN STRENGTH IN MOLDING SANDS 


A. H. Zrimsek and R. W. Heine* 


Importance of clay and water contents of green 
molding sands is well recognized by foundrymen. 
Questions often asked are “What per cent water should 
be used in a sand?” or, “How much clay should be 
carried in the sand?” The answers to these questions 
depend on many practical foundry conditions, such as 
the following: 1) casting alloy and its pouring tem- 
perature; 2) casting size; 3) sand conditioning equip- 
ment; 4) molding equipment and methods; etc. 


Aside from these factors, however, there are some 
basic principles that govern the proportioning of 
sand, clay, water, and other ingredients. These princi- 
ples control the properties of green sands regardless 
of considerations of items 1-4 above. Recognition of 
these principles makes it possible to know positively 
when the sand, clay, fines and water contents are prop- 
erly balanced to obtain the desired properties. 


Water Requirements 


Moisture in green sand mixtures may occur as ad- 
sorbed water and as free water. Adsorbed water is that 
taken on at the surface of clay, sand, or other particles 
and held there tightly by surface adsorption phe- 
nomena. Free water occurs when the percentage of 
water present exceeds that which can be adsorbed by 
the mixture. Poor mixing can, of course, contribute to 
the presence of free water. The amount of water 
which can be tightly adsorbed by clay particles is said 
to be equivalent to a surface layer 3 to 10 molecules 
deep.** 


This observation is difficult to relate to a specific 
moisture percentage in molding sand-clay mixtures. 
However, using standard AFS green sand testing pro- 
cedures and a series of 100 per cent clay samples of 
varying moisture content, a satisfactory approximation 
can be worked out. Five pounds of clay are placed in 
a laboratory muller, water is added, and mulled into 
the clay for 6 minutes. Samples are then taken for a 
moisture test and the standard green compression and 


*Graduate student and Associate Professor, respectively, Dept. 
of Mining and Metallurgy, University of Wisconsin, Madison. 

**R. E.-Grim, Clay Mineralogy, 1953, McGraw-Hill Book Co., 
Inc. 
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permeability tests. Moisture is determined by the 
standard oven drying method rather than the method 
involving the sieve pan and heated air blast. 

The relation between moisture content of the clay 
and green strength after three rams is determined for 
a series of samples of increasing moisture content. 
This relationship for western bentonite-water mixture 
is shown in Fig. 1. The figure shows a peak green 
compressive strength at 13.5 per cent water, 86.5 per 
cent western bentonite. Curves for green strength after 
three and six rams are shown in Fig. 1 to illustrate 
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Fig. 1— Relationship of {green compressive strength of 
western bentonite to per cent water in mixture. 
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Mixtures of clays were tested to see whether th 
water content for peak strength was significantly ai 
tered. The values are given in Table 1. For clays, the 
percentages range from 12.0-15.0 per cent. Silica 
flour appears to differ markedly from clays in its abii- 
ity to adsorb water, 33.0 per cent being required to 
provide the surface water. Thus it is shown that fine 
silica takes on more water than does clay. 


Water Requirements of Sand-Clay Mixtures 


The water requirements of clay-sand mixtures may 
be evaluated in the same way. A curve of water con- 


TABLE | 





Water 
Required Peak Peak Lb 
for Peak Compressive Compressive Water 
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Fig. 2— Green compressive strength of southern bentonite 
as related to per cent water in mixture. 


ramming effect. Very distinct changes in behavior of 
the mixture during mulling are associated with water 
contents to the left and right of the peak in the 
curve. To the left, the mixture is dry and floury, 
showing no apparent wetting effect from having water 
added to it. 

This is interpreted to mean that this water is com- 
pletely adsorbed. To the right of the peak of the 
curve, the mixture becomes very lumpy, noticeably 
wet, and finally plastic. This behavior is interpreted 
to mean that free unadsorbed water is present. Mois- 
ture contents corresponding to the peak of the curve, 
then, mark the percentage below which water is fully 
adsorbed and above which free water is present. While 
this distinction has not been scientifically proven by 
these particular experiments, yet the clay behaves ac- 
cording to this hypothesis. The method can therefore 
be a useful, practical measure of the adsorbed water 
requirements of clays. 

The same test may be applied to southern bentonite 
and fireclay with results as shown in Fig. 2 and 3. 
Behavior of these clays in the muller is the same as 
described for western bentonite. Silica flour also will 
develop a compressive strength-water content curve 
with a peak, as shown in Fig. 4, but the water re- 
quirement is much higher than that needed for clays. 
Based on the curves, a summary of water requirements 
for peak strength and maximum compressive strength 
after three rams and six rams is given in Table 1. 

















Compressive Strength, Strength, perlb 
Strength, psi, psi, Dry 
Material % 3 rams 6 rams Clay 
Western Bentonite 13.5 27.0 43.0 0.156 
Southern Bentonite 15.0 27.0 45.0 0.176 
Fireclay 12.0 23.0 35.5 0.136 
Silica Floura 33.0 14.0 22.5 0.493 
50 W.B.-50 F.C. 12.0 23.0 38.0 0.136 
3314 W.B.-67% F.C. 12.0 23.0 40.0 0.136 
50 W.B.-50 S.B. 14.5 23.5 41.0 0.170 
25 W.B.-75 S.B. 15.0 23.5 41.0 0.176 
50 S.B.-50 F.C. 12.0 23.0 37.0 0.136 
50 S.B.-50 Silica Flour 23.2 25.0 41.0 0.302 
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Fig. 3——Green compressive strength of fireclay as related 
to per cent water in mixture. 
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tent versus green compressive strength of a 90 per cent 
sand-10 per cent fireclay or 10 per cent southern 
bentonite mixture is given in Fig. 5. The curves show 
a peak strength for both compressive and tensile 
strengths. Tensile strength appears to rise to a maxi- 
mum at slightly lower moisture content than that of 
peak compressive strength. For fireclay bonded sand, 
tensile strength seems sensitive to moisture content. 

The sieve analysis of the sand grain base used for 
the mixtures is given in Table 2. A number of mix- 
tures of the sand and various clays and silica flour 
were tested and found to have curves like those shown 
in Fig. 5. Furthermore, when observed in the muller, 
the mixtures showed floury dryness at moisture con- 
tents to the left of the peak of the curve and pro- 


TasBLe 2—AFS Sieve ANALYsIS OF SAND UsED 
FoR CLAY-SAND MIXTURES 








Sieve No. Percent Retained 
20 0 
30 0.12 
40 1.20 
50 4.04 
70 16.20 
100 34.70 
140 26.14 
200 12.56 
270 4.0 
Pan 1.10 
AFS GFN 89.4 


AFS Clay 0.44% 











40. OF LEGEND ~ 
3 RAMS 
———6 RAMS 
35.0 4 
a 
a, 
. 30, 0 on 
= 
(= 
Oo 
Zz 
id 
Eg 
® 25.0 “ 
ey 
A 
a -——~ 
ra] ar © ~ 
a 2 ‘ 
20. 0 7 ‘\ , 
3 yg a 
o \ 
z / \ 
a tof \ 
% / \ 
© 15. 0 / \ 7 














10. of F 
5.0F - 
i i i i 1 
20.0 25.0 30.0 35.0 40.0 45.0 
WATER, % 


Fig. 4— Green compressive strength of silica flour as related 
to per cent water in mixture. 
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Fig. 5A— Green compressive strength and tensile strength of 
90% sand-10% southern bentonite mixture as related to 
water content. 
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Fig. 5B — Green compressive strength and tensile strength of 
90% sand-10% fireclay mixture as related to water content. 
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nounced lumping and wetness to the right of the curve 
as did the straight clay-water mixtures. Table 3 pre- 
sents a summary of moisture content and peak green 
compressive and tensile strength for all the mixtures 
tested. Even the sand used in these tests with only 
water added developed a measurable green strength 
peak of 1.8 psi as indicated in Table 3. 


TABLE 3— PEAK GREEN STRENGTH OF 
SAND Mrxtures! 





Moisture for Peak Compressive Peak Tensile 





Mixture, % Peak Strength, Strength, psi Strength, psi 
Dry Bases %Wet Bases 3rams 6 rams 6 rams 
Sand Clay? 
100 0 2.00 1.80 2.00 —_— 
95 5 WB 2.80 16.0 21.0 7.0 
92 8 WB 3.0 26.0 31.0 _— 
90 10 WB 3.40 $2.0 46.0 12.0 
85 15 WB 4.10 $2.0 50.0 16.0 
80 20 WB 4.80 $2.0 46.0 16.0 
50 50 WB 9.0 30.0 49.0 — 
95 5 SB 2.70 16.0 22.0 8.0 
90 10 SB 3.50 28.0 36.5 12.0 
85 15 SB 4.10 27.5 45.0 16.0 
80 20 SB 4.80 30.0 47.0 16.0 
50 50 SB 9.0 32.0 50.0 — 
90 10 FC 3.0 16.0 21.5 8.0 
85 15 FC 3.50 18.0 28.0 8.0 
80 20 FC 4.0 21.0 32.0 8.0 
50 50 FC 6.2 22.0 37.5 _ 
90 10 SF 4.8 10.0 15.0 — 
85 15 SF 7.0 13.0 20.0 _ 
75 25 SF 10.0 16.0 25.0 _ 
50 50 SF 19.0 17.0 26.0 _ 


1. Base sand analysis in Table 2. 
2. WB = western bentonite; SB = southern bentonite; 
FC = fireclay; SF =silica flour. 
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Fig. 6— Per cent water required to produce peak green 
compressive strength in clay-sand mixtures. 


GREEN STRENGTH IN MOLDING SANDs 


Since the clay-sand mixtures represent definite cor 
binations of surface areas, it would be expected tha: 
their water requirements would be additive. That i 
if the water required by the clay and that required by 
the sand individually is added it should be equal t 
that required by the mixture. In other words, the 
water content for peak strength should be direct! 
proportional to the percentage of clay in the mixture 
plus the quantity required to coat the sand grains 
with water. The data from Table 3 may be plotted as 
shown in Fig. 6 to demonstrate this principle. The 
curves in Fig. 6 have the following formulas: 


1 YW = 2.00 + 0.130 x %B 


2. %W = 2.00 + 0.0950 x %FC 
3. ZW = 


2.00 + 0.33 x %SF 
Where, W = per cent water required to develop 
peak compressive strength (also max- 
imum water percentage) 
B = percentage of western or southern 
bentonite in the mixture 
FC = percentage of fireclay in the mixture 


SF = percentage of silica flour in the mix- 
ture 
2.00 = the percentage of water required to 


coat the raw sand grains of the type 
given in Table 2. 


The total percentage of water required by a mix- 
ture of several of the above ingredients can be ob- 
tained by addition of the water required by each. For 
example, the water required by a mixture of 5.0 per 
cent silica flour, 3.0 per cent southern bentonite. 2.0 
per cent western bentonite, and 90.0 per cent. sand 
would be calculated as follows: 


2.00% = water required by the sand 
grains 
1.67% = water required by the silica 
flour 
0.13 x 3.0% = 0.39% = water required by the south- 
ern bentonite 
0.13 x 2.0% = 0.26% = water required by the west- 
ern bentonite 
4.32% = total water required to de- 
velop peak strength in the 
mixture. 


0.33 x 5.0% 


Testing this mixture showed that it had a peak 
compressive strength at 4.30 per cent water as pre- 
dicted. The water percentage calculated by these 
methods is the maximum percentage which will be 
adsorbed and is also the value which, if exceeded, will 
permit free water to be present. It must be recognized 
that Equations 1 through 3 apply only to mixtures 
employing sand grains similar to those used in these 
experiments (see analysis, Table 2). Other sands, 
varying distinctly in fineness and distribution would 
require a different factor than 2.00 per cent as a base 
value of water content required to wet the sand grains. 
Obviously clays varying in source, fineness, pH, proc- 
essing, etc. might produce different peak values than 
those reported here. However, the methods described 
may be used to set-up formulas for any combination 
of sand and clay bonding substances. 
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Fig. 7 — Relationship of peak compressive strength after 3 
rams to per cent clay in clay-sand mixtures. 


Strength of Sand-Clay Mixtures 


Peak compressive strength developed by the clay- 
sand-H,O mixtures is reported in Table 3 and is re- 
lated to the clay content of the mixture. Figures 7 and 
8 show the peak strength after three rams and six rams 
plotted as a function of per cent of clay in the dry 
mixture. The curves for both ramming conditions 
show a rise to a Maximum at a minimum of about 
10 per cent clay for southern and western bentonite 
and 20 per cent for fireclay and silica flour. The max- 
imum strength of mixtures is slightly higher than the 
peak strength developed by straight clay-water or sil- 
ica flour and water mixtures. The higher peak 
strength in clay-sand mixtures is probably due to the 
higher density of the mixtures as compared with 
straight clay, a fact pointed out in later paragraphs. 

At any rate, the data show that above about 10 per 
cent bentonite or 20 per cent fireclay or silica flour 
the mixture acts primarily as a clay or silica flour 
rather than as a sand-clay aggregate. The maximum 
strength of the clay itself is reached and additional 
clay produces no additional strength. However, be- 
tween 0 and 10.0 per cent clay in the mixture for 
bentonites and 0 and 20.0 per cent for fireclay the 
peak strength rises rapidly with increasing clay con- 
tent. Thus, two distinctly different types of aggregates 
are seen to exist. At the lower percentages the 
strength of the aggregate is clay-content sensitive. This 
is an unsaturated aggregate. At the higher percentages, 
the strength of the aggregate is not clay-content sensi- 
tive, i.e., it is clay saturated. 

These data, thus, define the limits of clay content 
bonding for compressive strength in green sands. Of 
course, the important variable of amount of ramming 
or squeeze pressure in forming the sample has not 
been studied. If evaluated, this variable should reveal 
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Fig. 8 — Relationship of peak green compressive strength, 
after 6 rams, to per cent clay in sand-clay mixtures. 


the limiting clay contents required to develop peak 
strength at high molding forces. Of course, properties 
other than peak compressive strength will be different 
for the two types of aggregates, clay saturated and 
unsaturated. 

The data also show that the bentonites confer a 
higher tensile strength to mixtures than does fireclay, 
Table 3. 


Strength of Sand-Clay-Silica Flour Mixtures 


Maximum green compressive strength was attained 
in sand-clay mixtures at about 10 per cent southern or 
western bentonite as pointed out previously. It was 
believed that the presence of fines in the form of 
silica flour would permit the maximum strength to be 
reached at lower clay contents. This was expected be- 
cause of the added surface area and also because sil- 
ica itself was shown to produce green strength. Mix- 
tures of 90 per cent sand-7.5 per cent silica flour-2.5 
per cent bentonite, 90 sand-5 SF-5 B, 90 sand-2.5 SF- 
7.5 B, and 90 sand-i SF-9 B were tested for peak green 
strength. These mixtures all contained a total of 10 
per cent fine bonding substance. The effect of propor- 
tioning of clay and silica flour in the 10 per cent total 
bonding substance is shown in Fig. 9. 


Note in Fig. 9 that the fine silica flour drastically 
reduces the ability of the clay to produce maximum 
green strength in high clay content mixture while 
bentonite reduces the ability of silica flour to produce 
green strength in the high silica flour mixtures. A 
straight 50 per cent silica flour-50 per cent bentonite 
and water mixture was tested and found to give 25.0 
and 41.0 psi peak green strength at three and six rams 
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Fig. 9— Peak compressive strength as related to ratio of 
silica flour to bentonite in a 90% sand-10% total fines 
mixture. 


respectively. Yet the 90 per cent sand-5 per cent silica 
flour-5 per cent bentonite which was expected to give 
about the same strength had only 6.0 and 7.0 psi 
green strength at three and six rams. Observation of 
the latter mixture revealed the cause. 

The silica flour and bentonite had greater attrac- 
tion for each other than for the sand grains and ex- 
isted as small particles or balls throughout the mixture 
rather than as a coating on the sand grains. This is 
undoubtedly a particle size phenomenon, smaller par- 
ticles of silica being more reactive to the clay than 
coarser ones. The sand grains were loose, not being 
held by the bonding agents. These are significant 
observations. Silica flour, or fines, actually deducts 
from the bonding ability of the bentonite present by 
tying it up as silica flour-clay balls. One per cent of 
silica flour ties up about | to 1.5 per cent bentonite 
according to Fig. 9. 

The importance of accurate clay content determina- 
tions in molding sands is thus emphasized. The cur- 
rent AFS clay content determination includes both 
fines and active clay as clay substance. As shown here, 
fine silica actually deducts from the effectiveness of 
the true bentonite present even though both would 
be classed together in the total determined with the 
present clay content determinations. 


Sand Density 


Effects of clays on sand density at peak green 
strength can be studied by means of the weight of the 
2.0-in. x 2.0-in. diameter specimen. The weights of 
the samples at peak strength after six rams is shown 
plotted as a function of clay content in Fig. 10. South- 
ern bentonite causes only a small increase in sample 
weight to occur up to clay contents of 20 per cent. 
Western bentonite, fireclay, and silica flour cause more 
pronounced increases in sample weight up to about 
15.0 per cent. Over 15.0 per cent, additional western 
bentonite causes a mild decrease in sample weight 
while silica flour causes a drastic decrease in sample 
weight. Increasing fireclay content results in continu- 
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ous increase in sample weight up to 50 per cent clay. 

Further insight into the effects of the clay substance 
is obtained by calculating the dry sand grain portion 
of the sample and plotting it as a function of clay 
content as is done in Fig. 11. Figure 10 shows that 
southern bentonite effectively displaces sand grains 
and thereby decreases the weight of dry sand grains 
in the 2.0 in. x 2.0-in. diameter sample. However, 
western bentonite and fireclay do not displace sand 
grains substantially until an amount over 10 per cent 
is present. 
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Fig. 10— Weight of 2.0-in. x 2.0-in.-diam sample after 6 
rams at peak strength as related to per cent clay. 





T ' uv 7 T 
LEGEND 


¢ WESTERN BENTONITE 
OSOUTHERN BENTONITE 
X FIRECLAY 
—-—-— 4 SILICA FLOUR PLUS SAND GRAINS 
4 SILICA FLOUR, SAND GRAINS ONLY 


25.0 





20. 0F 


CLAY (DRY BASIS), % 
rr 
° 
Uy 











1 — — 1 1 








110 120 130 140 150 160 170 
WEIGHT OF SAND IN PEAK STRENGTH (6-RAM SAMPLE), GRAMS 


Fig. 11 — Weight of sand in peak strength, 6 ram, standard 
sample as related to per cent clay in samples. 
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Silica flour displays an intermediate effect. How- 
ever in this case the sand grains plus silica flour is the 
total weight of silica present. The ability of the clays 
io cause sand grain displacement helps to partially 
explain the differences in dry strength, hot strength, 
and collapsibility which the different clays and silica 
flour possess. Scabbing effects may be related to the 
density effects of clays. Of course, change in ramming 
procedure probably could cause all these mixtures to 
achieve the same density. 


Summary 


The present data involves freshly prepared mixtures 
of one certain sand, clay substance, and water. Foun- 
dry green sands differ from this situation. They have 
been re-used many times. They may contain more or 
less fine silica. Each 1 per cent of fine silica requires 
about 0.33 per cent water for coating it. Sea coal as a 
fine material in gray iron sands also requires water 
for coating, about 0.10 per cent water per | per cent 
sea coal. Other fine materials, for instance wood flour, 
cellulose, iron oxide or other ingredients also may 
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require water. However, extension of the methods 
used in the report make it possible to evaluate each 
of these and determine the water percentage marking 
the boundary between free and adsorbed water per- 
centages in the mixture. It appears that the sand 
grains, the silica fines, and finally the clay are the 
principal materials accounting for most of the water 
required for tempering molding sands. 

The green strength of sand-clay mixtures is seen to 
be sensitive to clay content below 10.0 per cent for 
southern and western bentonite, and below 20.0 per 
cent for fireclay and silica flour. Above these per- 
centages, the mixtures are not sensitive to clay content 
and a strength equal to that of the clay substance it- 
self prevails. However, when silica flour fines are pre- 
sent they tie up clay to the extent of about | to 1.5 
per cent bentonite per | per cent silica flour and 
prevent the peak strength for a given bentonite per- 
centage from being obtained. 

The peak green strength is associated with a mois- 
ture content that is a useful basis for comparing the 
properties of sand clay mixtures. 








WHAT ARE YOUR RAW MATERIAL COSTS? 


By 


S. C. Massari* 


Material costs are too often considered as the 
vendor’s invoice price, whereas the actual cost must 
include handling expense within the plant, such 
as, the labor involved in unloading and transporta- 
tion costs to the point of consumption within the 
foundry. Movement of supplies within a given plant 
is determined by the handling facilities available 
and the form in which these materials are received 
from the vendor. Frequently, a discussion with the 
supplier’s representative will disclose that the same 
material can be shipped in another form or type 
which will result in subsequent economies to the 
foundry, because of greater ease in unloading and 
movement to the point of consumption. Such savings 
often can be made without changes in the plant 
or capital investments for handling equipment. 

In other instances the judicious acquisition of 
material handling equipment will result in savings 
which, in a short time, will amortize the capital 
investment involved. Each raw material offers a 
separate handling problem requiring careful obser- 
vation, analysis of what is to be done and followed 
by some imagination and planning as to how it 
can be accomplished at the lowest cost. No one is 
in a better position to achieve this than the foundry 
operator himself; he has the most complete under- 
standing of his own plant in daily operation and 
contact with its peculiarities. 

It is presumptive to assume that outside consult- 
ants can, in some instances, come into a plant and 
in a day or two solve these problems to best ad- 
vantage, primarily because of their lesser knowledge 
of the details of operations and material handling 
facilities already present. While outside engineering 
assistance may be desirable in preparing detailed 
plans, the cost estimates, original concept and over- 
all plans should originate from the plant super- 
visory personnel. Having once prepared detailed 
plans and cost estimates, they should then be care- 
fully reviewed by all plant supervisors involved in 
the new facilities, so that they will feel they are a 


*Hansell-Elcock Co., Chicago. 
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part of the plans, an important factor in their 
ultimate success. It is highly essential then that a 
careful analysis be made of the final plans to de- 
termine if they can be installed without interfering 
with other existing operations, and also, whether 
or not, with some comparatively small additional 
expense, they can be expanded to include the han- 
dling of other materials without a great deal of 
added cost. 

If plant construction or new equipment is in- 
volved, management must then determine whether 
outside contractors should be employed or the work 
accomplished by the plant personnel already in the 
foundry organization. Often it is more economical 
to only purchase from outside sources component 
parts and assemble them with foundry maintenance 
personnel, rather than have the complete units con- 
structed by outsiders and then installed. Typical 
instances where such improvements have been made 
in the author’s plant will best serve to illustrate 
how, in at least some instances, small expenditures 
will yield substantial savings in material handling 
costs and, of course, in finality, the cost of raw 
materials at the point of consumption. 


A Change in the Source of Silicon 


Essentially, the purchase -price of silicon varies 
little, regardless of its source, namely, whether it 
is in the form of ferrosilicon, such as briquettes or 
silvery pig iron. A study of the method of unloading 
ferrosilicon briquettes as compared with silvery pig 
iron indicated that substantial labor savings would 
be possible if silvery pig iron were purchased instead 
of briquettes due to unloading facilities already avail- 
able in the plant. 

Four men required a full day to unload a car 
of briquettes and move them to the point of con- 
sumption, including the use of a freight elevator. 
Silvery pig iron being magnetic, can be unloaded 
with the yard bridge crane and a magnet. With 
the latter equipment an entire carload of silvery 
pig iron can be unloaded into a bin in about two 
hours. The annual savings are approximately 80 per 
cent of the total former handling costs. 
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Handling of Bonding Materials 


Bonding materials for both molding and core 
sand had been handled in a very costly manner 
since no mechanical means were available for un- 
loading bagged materials. For example, bentonite, 
packaged in 100-lb bags, had been received in 
truckload lots involving 300 bags. The method of 
unloading comprised the utilization of a labor gang 
to carry the bags to the end of the truck, sliding 
them down a skid to a hand truck, and manually 
wheeling three bags at a time into a warehouse 
where they were stacked. Subsequently, when these 
materials were required in the plant they had to 
be re-loaded on a small truck and hauled to the 
muller. 

These operations, based upon accurate time rec- 
ords, involved approximately 3000 man hours per 
year at a cost of about $5200.00. By purchasing 
100 second hand skids, at $4.00 each or a total 
expense «f $400.00, it was possible to revise the 
method of handling so that these materials are now 
handled at a total annual labor cost of approxi- 
mately 1100 man hours or only $1850.00 a year, result- 
ing in an annual saving of approximately $3400.00. 

Quotations for new skids of the same size and 
construction were approximately $25.00 each, making 
a total cost of $2500.00. By watching the equipment 
advertisements in the local newspapers we were suc- 
cessful in purchasing the used skids at only $4.00 
each. Structurally, the skids were in perfect con- 
dition and are serving their purpose very well. 


To further facilitate handling of the bagged ma- 
terial at the muller a suitable platform was con- 
structed adjacent to the muller at an added ex- 
pense of $650.00, making a total expenditure for 
the improvements of $1050.00. It is, thus, readily 
apparent that in about four months the original 
capital expenditure had been completely amortized 
and the resulting savings a continuing one in lower- 
ing plant overhead expense. An analysis of the 
costs before and after the improvement, including 
the actual capital expenditures involved, is shown 
in the following tabulation: 


HAnpDLING Cost BEFORE MODERNIZING 








Hours Hourly 
required labor Cost 
Operation per year rate per year 
Unloading from truck 1280 $1.67 $2138.00 
Bring materials to muller 1280 1.75 2240.00 
Handling at muller 500 1.75 875.00 
Total 3060 $5253.00 
HANDLING Cost AFTER MODERNIZING 
Hours Hourly 
required labor Cost 
Operation per year rate per year 
Unloading from truck 640 $1.67 $1069.00 
Bring materials to muller 250 1.75 438.00 
Handling at muller 200 1.75 350.00 
Total 1090 $1857.00 


Savings Per Year: $5253.00 — 1857.00 = $3396.00 
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Cost oF MODERNIZING 





100 skids @ $4.00 $400.00 
Platform at muller (Actual cost) 
Labor 8814 hours @ 2.08 $184.08 
Materials 470.71 654.79 
Total Cost $1054.79 


With the new facilities acquired and the use of 
a power lift truck already in the plant, the un- 
loading of these bagged materials, their storing and 
subsequent movement to the point of consumption 
in the plant, have been materially facilitated. 

At the present time, one half the number of men 
are utilized and the operation consists of placing 
an empty skid onto the truck, loading 30 bags on 
the skid, and then removing the loaded skid by 
means of a lift-truck and conveying it to an ap- 
propriate spot in the warehouse. When these ma- 
terials are required at the muller, the same lift- 
truck removes a skid containing 30 bags from the 
warehouse and conveys them to the sand muller. 
By means of an electric hoist and chain sling, the 
30 bags are raised up to the level of the newly 
constructed platform and placed immediately ad- 
jacent to the muller so that the operator can easily 
take a bag at a time and empty its contents into 
the muller. Although, had the lift-truck not already 
been in possession of the plant, the savings are 
great enough so that even if the lift-truck had 
to be purchased, the savings are sufficient to justify 
the improvement made; it would have taken more 
than three months to amortize the original invest- 
ment. In the latter instance, assuming that the lift- 
truck would have cost approximately $5000.00, it 
vould have required about 214 years to amortize the 
higher capital investment. 

In conclusion, it is important to note that these 
improved facilities were accomplished without the 
expense of outside consultants or contractors. The 
only construction that was necessary comprised the 
building of the muller platform which was fabri- 
cated of standard constructural sections and plate 
by the plant maintenance personnel during spare 
time. 


Handling of Core Oil 


It had been customary in the author’s plant to 
purchase core oil in 55-gallon steel drums in quan- 
tities of approximately 30 drums at a time. The 
annual consumption of oil is about 30,000 gallons. 
The drums of oil were delivered by truck and had 
to be manually unloaded by sliding them down a 
skid from the truck and then rolling them to the 
point of storage. When needed at the core sand 
muller it was necessary to manually haul from the 
storage area to the muller. After opening the drum, 
the oil was pumped from the drum to the muller 
by means of an electric gear pump, and when the 
drum was empty, again hauling it outside the plant 
to the storage point. 

A study of the handling problem and contact 
with the vendor of the oil, disclosed that it would 
be possible to accomplish a saving in the purchase 
price as well as eliminating all manual handling, 
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if an underground storage tank could be installed 
and the oil purchased in 6000 gallon railroad tank 
car quantities. When detailed drawings and estimates 
had been prepared it became evident that the total 
cost of the installation would pay for itself in ap- 
proximately seven months. Utilizing an outside con- 
tractor the entire installation including the tank 
and piping was accomplished at a cost of approxi- 
mately $2500.00. 

The 6000-gallon railroad tank car is now unloaded 
by merely spotting the car opposite the underground 
storage tank, connecting the hose from the car to 
the tank, and opening the valve on the car. Over 
night, the tank car is completely drained and it is 
only necessary to disconnect the hose and the tank 
car is ready for delivery to the railroad. With the 
exception of the draining of the car, comprising 
very little labor, all other labor of handling drums, 
both in and out, as well as the time consumed 
in opening each drum, has been totally eliminated. 
In addition, the oil itself is purchased at a lower 
price procured in carload lots compared with 55- 
gallon drums. Again it is apparent that with a 
relatively small capital investment, continuing sav- 
ings have been achieved. 

It should be noted that this installation was ac- 
complished in its entirety by employing the services 
of an outside contractor. 

This installation has been in approximately one 
year and has proven satisfactory in every respect. 

Unloading of Molding Sand and Cupola Coke 

Screened and dried molding sand had been de- 
livered in 50-ton railroad box cars. Two kinds of 
sand were shipped in this manner, and when re- 
ceived at the foundry were manually unloaded, re- 
quiring a wholly disproportionate number of man 
hours for unloading of the cars and delivery into 
storage bins. For a number of years, coke had been 
received in 50-ton hopper cars which were unloaded 
into a shallow track pit, moved horizontally ap- 
proximately 50 feet on a power driven conveyor 
which discharged into a bucket elevator; the latter 
carried the coke to a third floor level where it 
was discharged into a storage bin. At this point, the 
coke was forked by hand into a scale hopper, 
weighed, and by means of a monorail, moved to 
a point where it could be dumped into the cupola 
charging bucket. This mode of unloading was very 
destructive to the coke so that 6 x 8 coke as pur- 
chased, was broken to a comparatively small size, 
and approximately 20 per cent of the coke was 
crushed to fine breeze. 

After careful consideration it was determined that 
both kinds of sand and the coke could be unloaded 
by means of a multipurpose conveyor comprising a 
track hopper with a vibratory feed delivering to 
a 75-ft-30-in. belt conveyor, a pivoted belt conveyor, 
and a 45 ft conveyor. Descriptive details of this 
conveyor installation are shown in Fig. 1. Engineer- 
ing drawings and detailed cost analyses were pre- 
pared, and after obtaining quotations for standard 
components, the total estimated cost of the installa- 
tion appeared to be approximately $20,000.00. The 
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final actual costs were $21,045.00. The estimated 
savings from the installation were computed to be 
approximately $14,000.00 per year, so that in ap- 
proximately 18 months of use the entire capital 
investment is amortized. 

A recapitulation of the cost estimate as well as 
the estimated saving is shown in the following two 
tabulations. 


RECAPITULATION OF Cost EsTIMATE FOR NEw COKE, 
SAND AND SLAG HANDLING EQUIPMENT 
Labor Material Total 














Item Hours Cost Cost Cost 
CONSTRUCTION WORK 
1. Preparatory Work 272 $ 544.00 § $ 544.00 
2. Construction of 
New Sand Bin 364 728.00 848.00 1,576.00 
3. Construction of 
New Coke Bin 412 824.00 1,100.00 1,924.00 
4, Remodeling of Bin 
for No. 515 Sand 308 616.00 138.00 754.00 
5. Remodeling of Slag 
Room 68 136.00 79.00 215.00 
6. Remodeling of Slag 
Disposal Equipment 196 392.00 81.00 473.00 
7. Conveyor Shed 
Above Ground 144 288.00 82.00 370.00 
8. Pit for Conveyor 648 1,296.00 1,341.00 2,637.00 
MACHINERY AND EQUIPMENT 
9. 30” Belt Conveyor— 
55’-0” CtoC 224 448.00 3,254.00 3,702.00 
10. 24” Belt Conveyor— 
Pivoted 168 336.00 1,022.00 1,358.00 
11. 24” Belt Conveyor— 
45’-0” C toC 200 400.00 2,449.00 2,849.00 
12. Feeder Under Rail- 
road Track 96 192.00 1,590.00 1,782.00 
13. Skiphoist for 
Coke Handling 144 288.00 190.00 478.00 
14. Jib Crane 
with Basket 112 224.00 192.00 416.00 
15. Loading Hopper 
at Track 48 96.00 54.00 150.00 
16. Discharge Hopper— 
55’-0” Conveyor 64 128.00 144.00 272.00 
17. Guard for Pivoted 
Conveyor 32 64.00 214.00 278.00 
18. Loading Hopper— 
45’-0” Conveyor 24 48.00 21.00 69.00 
MISCELLANEOUS WORK 
19. Electrical Work 144 288.00 400.00 688.00 
20. Painting 24 48.00 55.00 103.00 
Total 3,692 7,384.00 13,254.00 20,638.00 
Actual Cost $4,069.60 $7,887.78 $13,157.96 $21,045.74 





EsTIMATED CAPACITY AND SAVINGS FROM 
INSTALLATION 
CAPACITY 
1. Coke Unloading 
2. Sand Unloading 
Unloading Time: 


30 Tons per Hour 
50 Tons per Hour 
1 Man, 114 Hours per Carload 








SAVINGS 
Labor Savings: 1. Coke Unloading $1,836.00 

2. Crystal Sand Unloading 1,944.00 

3. Silica Sand Unloading 1,136.00 $ 4,916.00 
Other Savings: 4. Bridge Crane Services 250.00 

5. Less Coke Breakage 1,688.00 

(500 lb per carload) 

6. Slag Disposal 75.00 

7. Unloading Briquettes 54.00 

8. Maintenance on 

Old System 1,000 3,067.00 

Total Estimated Savings per Year $ 7,983.00 
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AcTuAL UNLOADING CAPACITY AND SAVINGS 


CAPACITY . 
1. Coke Unloading 20 Tons per Hour or 114 Hours per Carload 
2. Sand Unloading 50 Tons per Hour or 114 Hours per Carload 


SAVINGS 
1. Labor Savings: 3 Men Eliminated 

Labor Rate—$1.67 per Hour 

2,000 Hours per Man 

per Year $10,020.00 
Other Savings: 2. Bridge Crane Services $ 250.00 

3. Breakage of Coke 
(10-15% of Previous 





Level) 2,868.00 
4. Slag Removal 75.00 
5. Savings in Maintenance 1,000.00 = 4,193.00 
Actual Total Savings per Year $14,213.00 


This equipment was conceived, planned, neces- 
sary drawings prepared, and in finality was actually 
constructed by existing foundry maintenance person- 
nel. Only standard components such as conveyor 
belts, pulleys, idlers, reduction gears, and electrical 
equipment was purchased. The foundry mainte- 
nance crew fabricated the conveyor frames, assembled 
and installed all components. The actual work was 
spread over a period of about four months since 
practically all of the work was performed during 
available time, with the exception of those portions 
of the construction work which had to be done 
on an overtime basis when the foundry was not 
operating thus avoiding interference with produc- 
tion. The only exception involved the digging of 
the pit under the railroad track which was done 
by an outside excavating contractor. 

Very careful planning and the preparation of a 
work schedule was necessary. For example, the con- 
veyor pit under the railroad track was done on a 
Saturday morning and the floor slab for the pit 
poured late Saturday afternoon using a quick setting 
concrete mix. By Monday morning the steel structure 
supporting the railroad tracks over the pit was erect- 
ed and the work completed, including the relaying 
of the railroad tracks by Tuesday noon so that 
a car of sand and coke could be unloaded by the 
old method in the afternoon. 

In a similar manner all additional work on the 
project was scheduled to avoid interference with 
raw material deliveries, until the entire installation 
had been completed, when the old methods of un- 
loading were discontinued, and the new equipment 
put into full operation. As a result of performing 
all of the work with the existing foundry personnel 
it was possible to complete the installation for 
$21,000.00 compared with approximately $35,000.00 
based upon quotations received from vendors and 
necessary construction contractors. 

The installation has been in operation for over 
a year and with the exception of a few minor 
corrections which were made very shortly after the 
installation had been completed, it has continued 
to perform completely with original expectations. 
It is now possible to unload a 70-ton covered hopper 
car of sand in about one hour with one man on 


duty. Similarly, a 50-ton car of coke can be un-' ' 


loaded in approximately 114 hours. The new convey- 
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or system results in practically no coke breakage, 
making it possible to purchase 4 x 5 coke rather 
than 6 x 8. Only about 5 per cent of the coke 
is broken to breeze as compared with 20 per cent, 
and of course, much more uniform coke of a de- 
sirable size is ultimately charged into the cupola. 


Slag Removal 


As part of the same installation, but not related 
to the handling of coke and sand, was the installa- 
tion of an improved method for removal of granu- 
lated slag from the cupola. The granulated slag was 
elevated from a water tank and deposited in a large 
slag bucket. Originally this bucket was manually 
moved along on a roller conveyor approximately 
50 feet to a point outside the building where a 
large bridge crane was able to pick it up, carry 
it some distance and empty it into an automotive 
dump truck. 

With the new facilities the slag bucket is only 
moved manually along the roller conveyor 6 or 7 
feet directly under a pair of roof doors. When 
the bucket is to be removed the roof doors are 
opened so the cupola charging crane is then able 
to reach the bucket, raise it out of the slag room, 
and carry it to a point where the large bridge 
crane is able to reach it. The bridge crane then 
moves it to a point where it can be dumped into 
the automotive truck and hauled to the dump. The 
improved method has resulted in some labor saving 
but more important has eliminated some serious 
accident hazards. 


DISCUSSION 


Chairman: V. M. RoweLt, Harry W. Dietert Co., Detroit. 

Co-Chairman: F. S. Brewster, Brumley-Donaldson Co., Los 
Angeles. 

R. A. Ciark! (Written Discussion): Mr. Massari has prepared 
an interesting and informative paper illustrating that the cost 
of a material in a given foundry may vary substantially depend- 
ing on the peculiarities of that plant and the handling and 
storage facilities available. 

I would, however, like to clarify one point. He quotes a labor 
requirement of four man days for unloading a carload of silicon 
briquets. It appears this requirement for labor must apply to 
the handling of material shipped in bulk. 

Manufacturers of ferro-alloys have met this situation in recent 
years by employing various types of palletization. Silicon 
briquets are usually shipped on pallets holding 4,000 Ib of 
material. They are readily unloaded from box cars or trucks 
by using a fork truck, or from gondolas or open top trucks by 
employing a bridge crane. Packaging of silicon briquets or 
other alloy briquets in unit quantities on pallets simplifies 
storage and inventory control, and makes rehandling to the 
point of use a simple and economical matter under most plant 
conditions. 

Mr. Massari (Reply to Mr. Clark): The author appreciates 
the comments made by Mr. Clark and wholly agrees with the 
points he has made. However it must be understood that to 
unload palletized ferro-alloys the purchaser must have a suitable 
fork lift truck and if such a truck were in the author's plant 
we certainly would purchase the alloys in this form. It must 
again be emphasized that the illustration cited is predicated 
upon the peculiar conditions existing in a given plant and 
therefore emphasizes the necessity for careful analysis of condi- 
tions in a particular plant before making final decisions as to 
the method and equipment which will yield the lowest handling 
costs for the least capital investment. 


1. Electro Metallurgical Co., Detroit. 
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WOOD PATTERN CONSTRUCTION 





STANDARDS AND SPECIFICATIONS 


John F. Roth* 


Pattern construction standards and specifications are 
practically non-existent in the industry today. In fact 
this subject is quite controversial. The author, by pub- 
lication of this paper, hopes that this paper will serve 
as a starting point and that ultimately consensus on 
the subject will materialize throughout the foundry 
industry. 


Wood Pattern Construction Standards and 
Specifications 

The term “first class wood patterns” shall apply to 
all patterns with high or permanent production re- 
quirements, to be made from either pine or hardwood 
as specified by customer. 

The term “second class wood patterns” shall apply 
where a limited number of castings are required, with 
pine or hardwood to be specified. 

The term “third class wood patterns” shall apply 
where only one casting is required, pine lumber and 
wax fillets being adequate. 

The proposed standards are as follows. 


Small First Class Wood Patterns 

These patterns are to be made of mahogany or its 
equivalent, solidly constructed with all joints glued 
and screwed. Where segmented construction is re- 
quired with segments too thin for screws a perfect glue 
joint is mandatory. Nails are to be used either as face- 
nailing or toe-nailing. 

Rapping plates are to be provided to insure accu- 
racy and life of pattern, size of pattern permitting. 
Carved fillets are used wherever possible with leather 
or plastic permissible. Three coats of good pattern 
coating is the minimum. Colors shall conform to the 
American Foundrymen’s Society standards. 

All patterns and core boxes must be adequately 
identified as to pattern number and customer’s name. 
This identification may be in the form of zinc tape 
and augmented with painted markings for ease of 
reading in pattern storage. Where desired, white metal 
lettering is applicable in pattern numbering. All loose 
pieces are to be stamped with the largest characters 
possible. 


*Cleveland Standard Pattern Works, Cleveland, Ohio. 
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Medium And Large Size First Class Wood Patterns 

These patterns may be constructed in either pine or 
mahogany, as specified, and constructed as solidly as 
possible. All large cylindrical parts must be of staved 
construction. Where the height does not exceed 15 in., 
segments may be used and these are to be glued and 
nailed. 

Where a split pattern is required, the pattern joint 
must be completely closed in to prevent damage by 
rapping. Rapping plates must be installed on each 
joint surface and a solid tie-in must be provided to 
permit long screws to hold these plates securely. Draw 
straps must also be provided. These are to be of not 
less than 2-in. x %¢-in. cold rolled steel inserted the 
full depth of the pattern and provided with a hook on 
the bottom. These straps must be either screwed or 
bolted to a solid surface, must not protrude over any 
pattern surface and are to be provided with a 1-in. 
hole for lifting purposes. 


First Class Wood Patterns Too Large To Handle 
Manually 

Pattern handling straps must also be provided to 
transport the pattern with a foundry crane when it is 
to be placed in the flask, to be located on the opposite 
side of the lifting straps. In cases where heads or 
frames are required these heads must be made of 2-in. 
x 6-in. lumber and must be spaced not more than 
18 in. apart. The heads are to be connected with 2 x 
6 stringers which are to be glued and screwed to the 
heads. Bolts are to be used where weight of pattern 
exceeds the normal. Tie rails must be added to the in- 
side of heads and a large block provided where the 
rapping plates are to be inserted. All lagging must be 
applied with the grain of the wood running in the 
direction of the draw of the pattern. This lagging is 
to be of 134-in. thickness and can be 114-in. thickness 
where the height does not exceed 24 in. 

All loose pieces are to be avoided and a core must 
be placed under all parts that will not draw. Where 
this method or the ram-up core method is impractical, 
a loose piece may be used when provided with a sub- 
stantial dovetail. 

All fillets must be leather, with wood fillets used in 
large radii. 
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Painting and marking of patterns and core boxes 
must be as previously noted. 

Core boxes must be solidly constructed. All boxes of 
more than 18 in. in length and 6 in. in depth must 
be of square design and provided with 14-in. gained- 
in corners and must be framed of 2-in. thickness, glued 
and screwed. Adequate batting is a must. The long 
side pieces shall extend a minimum of 2 in. beyond 
the gained-in ends. Corner battens of 2-in. thickness 
and 4 to 5 in. in width are necessary to stiffen the 
outer frame. Core boxes that are split across two cor- 
ners are not permitted. Split core boxes are permitted 
only in small size boxes, or where a large cylindrical 
box is required. Large cylindrical core boxes must 
either be staved up or built of wide segments that are 
tied together with sufficient battens. Malleable iron 
core box clamps may be provided when practical. 


Medium And Large Size Second Class Wood Patterns 

These patterns and core boxes differentiate from 
“first class patterns” only in the respect that some of 
the rigid requirements in lumber thicknesses, screwing 
or bolting of parts and head spacing may be relaxed 
to the extent that the general construction of the pat- 
tern may still be termed good. Resin coated nails may 
be substituted for screws where structural strength is 








not seriously affected thereby. Fillets may be wood o: 
leather and draw straps must be provided as in “firs: 
class patterns.” Size and weight may here again ne- 
cessitate pattern handling hooks. 

All core boxes will be made of 2-in. stock with « 
butt joint being used instead of the gained-in method. 
Corner battens of 2-in. stock are necessary to stiffen the 
box frame. Three coats of pattern coating must be ap- 
plied and marking-up of equipment must be done in 
the manner previously set forth on “small patterns.” 


Medium Or Large Size Third Class Wood Patterns 

These patterns are to be made in instances where 
one, or at most, two castings are required. These pat- 
terns may be constructed accordingly, but must retain 
sufficient strength to make a good mold, and strength 
must be built into the patterns according to size. Some 
consideration for handling and drawing of the pattern 
must be used. All joints must be glued and nailed. All 
core boxes may also be glued and nailed. One coat of 
paint will suffice, and markings can be painted on the 
equipment. 

In all cases a pattern manufactured must be com- 
plete in every detail, must leave the pattern shop 
checked and ready to be placed in the foundry. 
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IMPROVING REFRACTORY COST IN MALLEABLE MELTING 


By 


L. E. Emery* 


Refractories constitute a substantial cost in pro- 
ducing malleable iron, hence, foundries are con- 
stantly striving to improve refractory life. Since re- 
fractory service conditions and plant practice are not 
the same, the selection of refractories and methods of 
installation will vary from plant to plant. There are 
metallurgical requirements which dictate, to some 
degree, the type of brick to be used. 

In the author’s plant, this is important, since the 
foundry is producing grade 35018 malleable iron for 
the railroads. The metal produced under this specifi- 
cation is a low-carbon iron, which is tapped from the 
furnace at a higher temperature than the higher car- 
bon iron produced at most malleable shops. Aside 
from this, there are certain basic factors which affect 
refractory life in any malleable shop. Heat and chem- 
ical attack are two factors which are responsible for 
the erosion of most refractories. 

In the case of the cupola and air furnace, there is 
also the effect of friction. However, the chemical 
reactions between the slag, furnace atmospheres, and 
refractories is a big factor in the performance of a 
refractory. As the temperatures are increased, the 
chemical activitiy and metallic oxides are increased 
in the slag which is corrosive to the lining. Not to be 
overlooked is the effect of the retained heat in the 
brick which increases the vitrification rate and re- 
duces brick life. The factors require close metallurgi- 
cal control and are not always possible to control 
physically. 

Selection of the proper refractory shape, size and 
method of installation which can be controlled phys- 
ically are vital to successful performance. These three 
items are many times taken for granted with greater 
emphasis placed upon the chemical and mechanical 
properties of the refractory. The first decision to be 
made when selecting a brick for a specific melting 
unit is the selection of a refractory shape which con- 
forms to the best methods of construction. 

One of the first considerations on air furnace bot- 
tom constructions is to eliminate as many joints as 


*Chief Metallurgist, The Marion Malleable Iron Works, 
Marion, Ind. 
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possible which will reduce bottom temperatures and 
consequently increase refractory life. As a furnace 
bottom begins to erode, metal and slag will gradually 
impregnate the joints and act as conductors and 
carry additional heat into the sub-bottom. In an effort 
to increase life of the air furnace, a program was 
started in 1952 to improve our refractory practice 
and evaluate the various types of brick on a cost basis. 

In view of the various types of melting units used 
in malleable melting, it is necessary to briefly de- 
scribe the practice, and equipment involved. The 
foundry is a mechanized jobbing shop producing 
Grade A malleable iron. The iron is melted in a 
front slagging cupola, desulfurized in a continuous 
fore-hearth and superheated in a 35-ton air furnace. 
Metal temperatures at the cupola spout will average 
2800 F. There is a temperature loss of 60 F between 
the cupola and the air furnace. The metal is super- 
heated to a temperature of 2885 F to 2915 F. Desul- 
furizing is accomplished by adding 3 Ib of soda ash 
briquettes per ton of iron melted. Flame temperature 
requirements are very critical to this operation and 
our method of preheating being extended to meet 
temperature requirements created a problem of ob- 
taining suitable refractory costs. 

The furnace is of the air cooled bottom design 
which we feel has advantages, particularly on reduc- 
ing heat storage in the botton (Fig. 1). Bottom 
construction consisted of using the regular 9-in. ° 
straight (9x 414x214) and the usual shapes (splits 
and wedges). Bottom life with this type of construc- 
tion was averaging 9 heats, which consisted of total fir- 
ing time of 150 hours. The tonnage for a 9-day period 
averaged 1125 tons. Each time a furnace was taken 
off the line, the refractories were examined carefully 
and photographs taken of the bottom. In every bot- 
tom examined, the metal penetration at the joints 
was very noticeable. 

The metal which was found in the joints was 
acting as a radiator and carrying heat from the service 
bottom which not only reduced the life of the brick, 
but also increased fuel requirements as the bottom 
began to radiate more heat. A series of tests were 
conducted to determine if a more refractory cement 
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would help the condition. The results of the test 
showed that even with the higher alumina cements, 
the joints were still badly eroded. Another trouble- 
some spot was the area directly in front of the burner 
which extended to the tap out area of the furnace. 
After a 9-day period, we had approximately 314 in. of 
refractory left in the bottom, and it was difficult to 
drain all of the metal from the furnace each day. 
Sidewall attack was greatest at this area and it was 
necessary to replace the sidewalls and bottom. 

In order to overcome some of the problems, two 
important changes were made. The first step was to 
select a refractory which would eliminate some of the 
joints. A series of tests were conducted, using the 
large 9-in. brick (9 x 634 x 214) with the conventional 
shapes required. Through use of this brick, we were 
able to increase the life of the bottom from 150 to 190 
firing hours or 12 operating days, which is an in- 
crease of 3314 per cent. A program of combustion 
and pre-heating control was also instituted to reduce 
chemical attack of the refractory. This increased our 
sidewall life and reduced some of the slag attack 
which had been a problem. The increase in perform- 
ance was not satisfactory, and further work was nec- 
essary to increase furnace life. 

Since the design of the air furnace bottom is an 
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Fig. 1— Sectional views of melting furnace with air cooled 
bottom design. 


inverted arch, we used a tapered brick as in bung 
construction. We felt that a tapered bottom brick, 
which would conform to the arc of the shell would 
result in better construction and give prolonged life. 
The furnace bottom, from the tap hole to the back 
bridge wall, was laid with a No. Ix wedge, using a 
3-in. series, which further reduced the joints. Through 
use of the tapered wedge, we realized further im- 
provement in bottom life, not only in firing hours 
and operating days, but also a marked reduction in 
heat loss through the shell. 

To overcome the intermittent repair on the front 
portion of the bottom (from the burner to the tap 
out section) at the end of 2 weeks, a 12x6x3-in. 
No. Ix wedge was used. After institution of this 
practice, we were able to obtain a minimum of 17 
operating days and 325 firing hours. Tap out blocks 
and side walls remain in service for the life of the 
bottom, and no repairs are made to the furnace dur- 
ing this period. 

In addition to the change of refractory shapes used 
in bottom construction, pitch was increased at the 
tap out section to facilitate drainage at the end of the 
heat. We also believe that through the use of the 
12-in. series brick we have decreased the danger of 
floating a bottom by distributing the hot load factor 
of the tap out area. In the process of evaluating a 
refractory, we use firing hours as a good guide to 
performance, and are using it in preference to a cost 
per ton basis, due to variation in tonnage poured. 


Sidewalls 


When a furnace is taken off from the line for re- 
pair, the bottom is inspected. The walls are laid first 
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Fig. 2 — Laying up feather edge brick at the sidewall-bottom 
interface. 


and consist of a 9-in. header course, which is backed 
up with a 414-in. safety wall laid as a stretcher course. 
A row lock course made of large 9-in. series is laid on 
the top to increase bearing for the bungs. ‘The open- 
ing on the inside of the furnace between sidewall and 
bung is closed up with a special skew brick and fire 
clay mud. 

Due to the erosion which is normally encountered 
at the interface of the wall and bottom, a row of 
feather edged brick is laid to protect this area from 
cutting. This area was a troublesome spot and 
through use of the feather edge brick, our difficulties 





Fig. 3 — Section through sidewall at rear of furnace after 
18 heats. 





Fig. 4— Close-up of top section and junction of 12 x 6 x 3-in. 
and 9x 6% x 3-in. wedges. 


were reduced by 100 per cent (Fig. 2). A dense stiff 
mud brick is used in the sidewall. The service walls 
are laid up with high temperature cement, while the 
safety wall is laid up with fireclay mortar to facilitate 
removal and re-use of the brick. 

Tests were conducted to compare the merits of the 
super duty brick at the metal line, and results did not 
justify the additional cost. The walls are good for the 
life of the bottom, and unless adverse conditions are 
encountered, approximately 30 per cent of the service 
walls are used for an additional 20 heats (Fig. 3). 
Due to the variations in tonnage length of heats, 
and type of iron produced, the author evaluates a 
refractory on the basis of firing hours rather than on 
a tonnage basis. The effect of heat upon the refrac- 
tory has a great deal to do with the change in struc- 
ture and ultimate life of brick. Based upon a normal 
tonnage of 1.0, 9-in. equivalents per ton of metal 
melted is an average for this plant, for sidewalls. 


Tap Out Blocks 


This section of the furnace must be very depend- 
able and we prefer to lay the tap out blocks as an 
integral part of the wall (Fig. 4). Due to the danger 
of expansion cracks which are sources of trouble for 
leaks, the practice of laying the blocks in the wall . 
has been standard procedure. A series of four tap out 
blocks is used. Three of the blocks are located on the 
same plane, and the fourth block, which is used for 





Fig. 5— Front view of furnace tap-out blocks. 
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draining the furnace, is located at the lowest point of 
the bottom for the best drainage. The block is 1314 in. 
long and has a tapered hole 11% in. in diameter. 
The block has a 3-in. bell to aid the tapper in plug- 
ging (Fig. 5). Dry sand cores are used to plug the 
furnace. The tap out blocks will last the life of the 
bottom and sidewalls. Maximum life is 20 heats, or 
350 firing hours. Average life is 18 operating days, 
or 325 firing hours. 

When a new furnace is ready to be put on the line, 
1000 lb of pig iron is placed around the block and 
hearth area on the initial firing period. The blocks 
must have high mechanical strength, low porosity, 
and resistance to erosion and spalling. 


Furnace Bottoms 


Installation of the bottom proceeds after the walls 
and tap blocks have been set. Installation and tech- 
nique in laying the bottom is of great importance. 
The bottoms are started at the lower tap hole and 
carried back to the bridge wall. 

The preheating of a new furnace is very important 
to good refractory performance. The furnace atmos- 
phere and preheat temperatures should be watched 
very closely. A 10-hour soaking time has been found 
to give best results. The first heat is started with a 
wood fire and permitted to burn for 15 minutes 
before the pulverized coal is started. Temperatures 
are held back to permit the brick to form a coating 
on the surface. This thin coating protects the fire- 
brick during the initial heat. If the temperature is 
raised to the critical of the brick, a wet liquid slag is 
formed which will result in erosion. Under normal 
operating conditions, the coating will give protection 
to the brick for an extended period of time. After the 
fire has been turned off at the end of a heat, it is 
very important to seal the furnace and keep out as 
much cool air as possible. 

If a furnace is not sealed up tightly, the interfacial 
layer will spall, due to differential volume change of 
the coating and the refractory. The furnace atmos- 
phere and slag composition are equally important 
after the first day of operation. It is very important to 





Fig. 6 — Section showing comparison of fine aggregate hard 
burned brick at lett with coarse aggregate brick at right. 
Penetration of brick at right is excessive. 
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Fig. 7 — Brick mason laying up rings in the bottom. 


keep the slag from becoming too fluid. Equally im- 
portant is to keep cupola slag and slag from the 
fore-hearth from getting into the furnace, since they 
contain alkalis, iron oxide, etc., which react and 
form low melting point compounds which attack brick. 

During the testing period, the various grades of 
bottom brick were tested. The alumina content ranges 
tested were as follows: 43 per cent, 60 per cent, to 
80 per cent, and a synthetic mullite refractory. The 
higher alumina refractories, which should be more 
resistant to slag attack, did not give sufficient service 
to justify their use. The actual service life of bottoms 
was lower than the 43 per cent alumina brick. The 
60 per cent alumina brick were made of coarser ag- 
gregate and were softer than the lower alumina brick, 
which was found to give best results (Fig. 6). After 
7 heats, the 60 per cent alumina brick looked very 
similar to a mushroom and indicated slag erosion and 
penetration. The slag appeared to wash around the 
grains of alumina oxide, and allowed them to wash 
away in the mass of slag that had penetrated the 
pores of the brick. This condition was also evident 
on softer brick, which had low density. 


The sub-bottom consists of 2 row lock courses 414 
in. thick. A layer of silica sand separates the sub- 
bottom from the service bottom. The sub-bottom 
serves a dual purpose: namely, protection for bot- 
toms that float, and it is also a good foundation for 
the service bottom. The main service bottom is made 
up of a series of rings of super duty, fine aggregate 
brick, which are laid on end. Figure 7 shows the 
rings being laid up. 

Each ring is keyed in by driving a wedge about 
2-in. on each side of the wall. A buttered joint ap- 
proximately 14 in. thick is used at sidewall bottom 
interface. All joints are dipped in a very thin mixture 
of air setting, high temperature cement. Each No. 1x 
wedge is put into place and tapped lightly to be sure 
the joint is bonded perfectly. The No. lx wedge 
having a l4-in. taper makes an excellent joint. The 
uniformity of this shape is superior to the standard 
brick, and the improvement in joint has been im- 
portant in improving refractory life. 
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The use of the large 12-in. series in the tap-out 
area of the furnace has equalized the life between 
section A and B of the furnace (Fig. 1) . In comparing 
service life to other foundries, there are numerous 
variations in practice which influence the life of the 
brick. Based on our preheating schedule, we accumu- 
late $25 firing hours on a furnace or an average of 
17.1 hours per day. A new furnace is preheated 10 
hours before iron is tapped from the cupola. After a 
week end shut down, the furnace is preheated 7 hours. 

After the first heat on a new bottom, the furnace is 
preheated for 5 hours. Some operators report that 
refractory life is increased by switching furnaces every 
3-4 days, thereby lowering the temperature of the 
bottom brick. Our experience indicates that fuel re- 
quirements are increased after a furnace has been 
allowed to cool down, and spalling of the interfacial 
coating is quite common. In furnaces which do not 
have ventilated bottoms, this type of practice would 
no doubt improve life. The author feels that elimina- 
tion of thin fins of metal from the joints is of equal 
importance and has reduced bottom temperatures. 


Ladle Practice 


Monolithic linings are used in both pouring and 
transfer ladles. The transfer ladles carry 1 ton of 
metal and have tea pot spouts. The ladles are covered 
and have a 214-in. lining. The pouring ladles are 
500-lb capacity and are also of the tea pot design. 
Proper preheating and ramming are important to 
good ladle practice. All ladles are fired for 15 hours 
prior to being put into service. Carbon base plastic 
ramming mixes were found to give best results. In our 
plant, as in other foundries, we have substituted a 
plastic made up in the plant at a lower cost than the 
commercial plastics. 

The mixture, which has given very good results 
for our practice, is as follows: 


22% No. 16 Graphite 
25% %-in. Gannister 
20%, in. Gannister 
20% Plastic fireclay 
10% _ Silica sand 

3% Western Bentonite 


Temper to 6-7% with a 2% solution of 
glutrin water. 


This material is prepared by mixing in a muller 
and allowing to stand for 12 hours prior to use. The 
lining is rammed in with a pneumatic rammer around 
a steel form. Prior to firing, the lining is brushed 
down with a solution of glutrin water and graphite. 
The coating prevents the lining from drying out and 
crumbling before vitrification is started. 

This material does not grow like some gannister 
lining materials and requires very little labor for 
spudding down of slag from the lining. The linings 
are cured with burners and preheated prior to being 
used. Ladles are kept under fire from 11:00 p.m. each 
night until 7:00 a.m. the following morning. Ladle 
covers are rammed with the same material as the 
ladle, and the same care in curing and preheating is 
carried out. 
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One unique feature of this type of lining is the 
ease with which it can be patched. Small areas which 
sometimes show erosion can be repaired by chipping 
away the eroded area and ramming in a patch. After 
sufficient baking and preheating, the ladle will give 
prolonged service and lower costs. The cost of this 
material, which includes labor, is $46.34 per ton, as 
compared to commercial plastics which sell for $90.00 
per ton, or a reduction of 42 per cent. Actual service 
life has been increased by 50 per cent, and labor for 
the lining maintenance reduced 35 per cent. The 
ladle repair requires only one employee to build and 
repair ladles. 





Fig. 8 — Cupola repair operator measuring lining with temp- 
let. Burn out is checked each day and lining measured after 
cupola is repaired each day. 


Cupola Repair 
Daily maintenance of the melting zone is done 
with an air placement gun (Fig. 8). Since this ma- 
chine was introduced into the foundry, material costs 
have been reduced by 36 per cent. Actual refractory 
costs, using the gun for a period of 18 months during 
1951 and 1952 are as follows: 


Cupola Block — $.549 per ton of iron melted 
Monolithic Patch — $.364 per ton of iron melted 


In addition to the savings of material, there is a 
marked reduction in labor costs. The well of the 
cupola is patched with a carbon plastic which is 
purchased in the dry form. By making periodic ° 
patches, using the carbon plastic and the air place- 
ment gun, the life of a cupola well is 6 months. In 
preference to a tap out block, the breast of the cupola 
is made of plastic. A steel pin 2 in. in diameter is 
driven through the rammed breast and serves as a tap- 
out block. 

There is less labor involved in this type of con- 
struction and less danger of leaks. Erosion of the 
rammed breast is negligible, and only minor patching 
is required from day to day. The carbon ramming 
materials offer greater resistance to slag attack. The 
lining above the melting zone is kept in condition 
with the air replacement gun. 

Preventive patching has helped to prolong the 
service lining above the melting zone. Present cupolas 
have been in service for 19 months, and the goal is 
to obtain 24 months of service. Good cupola practice 








Fig. 9 — Looking toward burner wall after 24 days operation 

on synthetic mullite bottom. Total life of bottom, 39 days. 

Two port holes at the side of burner 9x 6%4-in. keep the 
flame from impinging against the sidewalls. 


is one of the reasons for prolonged lining life. Keep- 
ing dimensions of steel to the proper size reduces 
hang ups and excessive abrasion. 

Proper distribution of flux, avoiding excessive oxi- 
dation and general abuse of the cupola, are important 
to increasing refractory life. The cupola operation 
will also govern the amount of additional burden 
placed upon the superheating furnace, since cold or 
oxidized iron requires additional superheat. 


Bungs 


High refractoriness is essential to obtaining best 
results in bung brick. The brick must also possess 
high load bearing strength because of the tempera- 
tures reached in the furnace. Service life will vary 
with the practice. The brick are laid in the frames dry 
and the joints between bung frames are sealed with 
mud mixture containing clay graphite and ground 
firebrick. Each day, after the fire has been turned off, 
the bungs frames are tightened and any open joints 
are sealed. 

Since the introduction of atmosphere control, we 
have noticed a marked improvement in bung life. A 
very small amount of pressure is maintained on the 
furnace during operations. Elimination of excessive 
pressure reduces the resistance to the flow of products 
of combustion. This, in turn, will reduce the attack 
on bungs from friction and abrasion. Bung consump- 
tion for a one year period was 0.65 9-in. equivalent 
per ton. 

Careful handling, regular practice of rotating and 
proper stacking of bungs are important to prolonged 
life. The bung located from the back bridge wall to 
the stack will last for 6 months if care is exercised. 
The bungs frames from the tap-out to the bridge 
wall will run as long as 700 hours. The use of the 
special skew brick has done much to protect the 
flame from cutting along the bearing point of the 
bung frame. See Tables 1, 2, and 3. 

In addition to the bottoms listed, a synthetic mul- 
lite bottom was in operation for 39 consecutive heats. 
No repairs were made to the bottom during this 
campaign. It was interesting to note that the silica 
sand between the service and sub-bottom was fused 
together in a very thin sheet. This refractory per- 
formed very well, and further tests are being con- 
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Fig. 10 — Synthetic mullite bottom after 24 days operation. 
Total lite of bottom was 39 days. View is from the front look- 
ing toward the bridge wall and stack opening. 








TABLE | 
2/3 60% Alumina 1/3 70% Alumina 

Bottom No. of 
Identity Section Tons Firing Time Heats 

1 A 580 82 hr, 10 min 5 

B 1150 ° 159 hr, 40 min 10 

2 A 605 85 hr 5 

B 1206 172 hr, 30 min 10 


50%, of sidewalls replaced at end of 5 days. 





TABLE 2 — SIDEWALL AND BottToM LIFE 
9x63%,x2'% series 43% Alumina 








Bottom No. of 
Identity Section Tons Firing Time Heats 

3 A&B 1357 220 hr, 40 min 13 

4 A&B 1332 21lhr, 5min 12 

5 A&B 1384 236 hr, 25 min 14 

6 A&B 1327 219 hr, 50 min 13 

7 A&B 1344 222 hr, 58 min 13 
Average furnace life 1344 222 hr 12.5 


Note: No repair of any type was made to any portion of the 
furnace during the life of each furnace. 











TABLE 3 
9x6%,x3 1x wedge and 12x6x3 1x wedges 

Bottom No. of 
Identity Section Tons Firing Time Heats 

8 A&B 1136 295 hr, 17 min 16 

9 A&B 1596 343 hr, 51 min 20 

10 A&B 1542.5 327 hr, 30 min 20 

11 A&B 1463 314 hr, 48 min 18 

12 A&B 1360 315 hr, 10 min 17 

13 A&B 1540 345 hr, 30 min 19 

14 A&B 1691 338 hr, 30 min 18 

Average furnace life 325 hr, 59 min 18 


Note: No repairs of any type were made to the refractory of 
any furnace listed during the life of each furnace. 





ducted. Cause of failure was attributed to joint dif- 
ficulties at the tap section. Figures 9 and 10 show 
the bottom after 24 heats. Figure 11 is a typical 
furnace repairs record. 


Summary 


Information presented in this paper is a part of 
the program which we are carrying on to increase 
refractory life. Costs and performance are being 
checked constantly to further clarify the results al- 
ready obtained. On the basis of comparisons made to 
date, the following conclusions are offered: 
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Fig. 11 — Furnace repair record. 




















1. The use of the 9x 634 x 3-in. No. Ix wedge in 
bottoms reduced joints and decreased the rate of 
vitrification. Lack of metal fins between the joints 
have reduced conduction of heat and bottom tem- 
peratures. 


2. The use of a 12x 6x 3-in. No. Ix wedge in the 
front tap-out section to the burner wall has equalized 
the life of the remainder of the bottom wall and tap- 
out blocks. 

3. The use of higher alumina brick (60°%-70%%) 
will not stand up under our type of operations as well 
as the lower alumina super duty brick. 


4. Combustion control and the use of secondary 
air at the burner has improved sidewall and bottom 
life to a point where no repair is made to the furnace 
during the firing life of the furnace. This has re- 
duced erosion at the tap-out section. 
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5. By equalizing life of the front and rear sections 
of the furnace, which includes sidewalls, tap blocks 
and bottoms, man hours have been reduced. Com- 
plete repair (including tear out) of fore-hearth, side- 
walls, bottom and bungs has been reduced to 0.24 
man hours per ton. 

6. Firing hours are a good guide in determining 
the life expectancy of furnace refractories. 

7. Use of feather edge brick at sidewall bottom 
interface protects this area during the initial heats. 

8. Skew brick along the top of the sidewall in- 
creases bearing for bungs. 

9. Synthetic mullite appears to have good possi- 
bilities for increasing life of furnace bottoms. 

10. Through stable cupola operation, both cupola 
and furnace refractory life can be improved. 

11. Slag control, as well as combustion and _pre- 
heating, are vital to prolonged refractory life. 


DISCUSSION 


Chairman: R. H. Stone, Vesuvius Crucible Co., Pittsburg, Pa. 

Co-Chairman: S. F. Carter, JR., American Cast Iron Pipe Co., 
Birmingham, Ala. 

J. S. Lawrence, Jr.1: Does your plant check service bottom 
temperature at bottom of brick? 

Mr. Emery: We were checking bottom temperatures in 1953, 
but this practice was discontinued. A bottom came up and gave 
us considerable trouble. Since we have changed the construction 
of the furnace, bottom temperatures run very low. 

Mr. LAwrENCE: Does rich flames having a high percentage 
of combustibles damage furnace brick? What per cent of com- 
bustibles do you advise to have in the flames leaving the furnace? 

Mr. Emery: Atmospheres rich in CO gas definitely influence 
the length of refractory life, particularly the life of a new bottom 
which is being superheated. If the bricks become impregnated 
with CO gas on the initial heat up, the effects are felt for the 
balance of the campaign on this furnace. We never like to have 
the CO gas exceed 10 per cent at any time. 


1. Texas Foundries, Inc., Lufkin, Texas. 
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By 
K. E. Nelson* 
ABSTRACT termed ZT1 alloy by the English. This composition 
Production type castings were poured in the new is used in the T5, or artificially a ondition. Th 
magnesium alloy, HZ32XA (Mg + 3.0 Th + 2.1 Zn ‘ ner bey snlppansecois be sty - d w 
+ 0.7 Zr). ‘These castings were inspected in the usual WO alloys wl eir compositional ranges an € 
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tests. A comparison with castings from HK31XA alloy 
(Mg + 3 Th + 0.7 Zr) is also presented. On the basis TABLE 1 — ANALYTICAL RANGE AND HEAT TREATMENT 
of castability, the Th-containing alloys are inferior to FoR HK31XA-T6 anp HZ32XA-T5 ALLoys 
most Mg-Al-Zn alloys and to the Mg-RE-Zr alloys. “ 
HK31XA-T6 and HZ32XA-TS alloys are superior in ay ee ee 
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CEE RENEE TS SENG SG. HKSIXA-16——— 25-40 050-10 — 1050F for2hr 
Introduction Air cool. 400 F for 16 hr 
HZ32XA-T5 1.7-25 2.5-4.0 0.50-1.0 0.1 600F for 16 hr 


Magnesium sand casting alloys for use at elevated 
temperatures have been grouped into three classes as 
outlined in earlier publications.1-2_ These classes have 
been listed in increasing order of creep resistance as 
follows: 

1. Magnesium-aluminum-zinc and magnesium-zinc- 

zirconium alloys. 

2. Magnesium-rare earth metal-zirconium alloys. 

3. Magnesium-thorium-zirconium alloys. 

The selection of an alloy for a specific application de- 
pends upon the conditions of operation and a knowl- 
edge of the properties of the available alloys under 
these conditions. The effects of exposure for different 
times and temperatures on several magnesium sand 
casting alloys in the form of separately-cast test bars 
have been reported.? 

Another study necessary to select intelligently the 
best composition for a given application is an investi- 
gation of the castability and tensile and creep prop- 
erties of actual castings made from the various alloys. 
Such an investigation has been made for the mag- 
nesium-rare earth metal-zirconium alloys? and for 
one of the magnesium-thorium-zirconium alloys, 
HK31XA.1 HK3I1XA alloy is used in the solution 
heat treated plus aged condition, T6. Another alloy 
in the magnesium-thorium-zirconium group is termed 
HZ32XA, using A.S.T.M. alloy designations and 


*Metallurgical Laboratories, Magnesium Department, The 
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*Refers to rare earth metals, specifically mischmetal which 
contains cerium, lanthanum, neodymium and praseodymium. 
Note: HZ32XA-T5 is the same as British designated ZT1, the 
composition of which is covered in US. Patent No. 
2,604,396 (July, 1952). 





The purpose of this paper is to discuss some of the 
castability features of Mg-Th-Zr alloys and to compare 
tensile and creep properties of bars sectioned from test 
castings of HZ32XA alloy with bars sectioned from 
castings of alloy HK31XA. The term castability, as 
used in this paper, refers to the ability of an alloy to 
fill a sand mold satisfactorily:and to form a casting 
relatively free of deleterious defects. 

Procedure 

The melting, fluxing and alloying practices used 
in the preparation of HK31XA and HZ32XA alloys 
have been adequately covered in earlier publica- 
tions.1.3 It should be emphasized that care must be 
exercised in preventing contamination with harmful 
impurities such as aluminum and silicon as well as 
the formation of oxides during the time the metal is 
in the molten state. If care is not exercised serious 
losses in both thorium and zirconium may be en- 
countered. 

Melts were prepared using either virgin materials 
or foundry run-around scrap with additions of 
thorium and zirconium to make up losses of these 
elements incurred during remelting. The thorium, 
zinc and zirconium contents were analyzed by wet 


55-44 








Fig. 1— Photo of castings used to evaluate HZ32XA alloy. 


chemical methods.7 The zirconium contents are re- 
ported in two parts, “soluble” and “insoluble” indi- 
cating the portions that are soluble or insoluble in 
dilute acid solution. The usual impurities in each 
melt were determined spectroscopically.? 

Four of the patterns used in the earlier evaluation 
for HK31XA alloy! were used to make the HZ32XA 
alloy castings. Figure 1 shows photographs of the cast- 
ings used to evaluate this alloy. One casting each was 
poured of castings A, B and D whereas two were 
poured of casting E. The same gating and risering 
methods used on these castings for the magnesium- 
rare earth metal-zirconium alloys were applied to the 
magnesium-thorium-zirconium alloys. Standard sepa- 
rately-cast test bars, 4-in. diameter, were also cast 
from the melts used to pour these castings. The grain 
sizes were determined by the comparison method de- 
scribed by George.® 

The castings were inspected in the usual way for 
foundry defects and then heat treated with the sepa- 
rately-cast bars in production furnaces. The precipi- 
tation heat treatments for this alloy were done in air. 
As indicated in an earlier paper, HK31XA is solution 
heat treated under a protective atmosphere of greater 


than 1 per cent SO, gas. After heat treating, each 
casting was sectioned as completely as possible from 
thick and thin sections in order to obtain a complete 
picture of its room and elevated temperature tensile 
properties and elevated temperature creep strength. 
These sections were machined to conform to standard 
A.S.T.M. specified shapes for testing, or, when this’ 
was not possible, to dimensions listed as acceptable 
to the A.S.T.M. 

The methods of tension and creep testing have been 
discussed in detail in previous publications.3.9,10 
Hardness values were obtained in a manner also pre- 
viously described. 

Castability Comparison 

The measure of the degree of castability of the 
magnesium-thorium-zirconium alloys is limited to the 
observations made during the pouring of the castings, 
and to the quality of these castings as shown by the 
various inspection techniques. No attempt was made 
to run fluidity tests as such. The pouring times re- 
quired to fill the molds were measured to detect gross 
differences in the ability of the magnesium-thorium- 
zirconium alloys to fill the mold. No significant differ- 
ences could be seen between alloys of this system and 
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those of the magnesium-rare earth metal-zirconium 
alloys. 

The castability of several magnesium-rare earth 
metal-zirconium alloys has been presented.1 Pits were 
observed in the cope surfaces of castings of these rare 
earth metal alloys. These pits are believed to be 
caused by turbulence of the metal stream. The sever- 
ity of the pitting found on the cope surfaces of the 
castings is much worse on the magnesium-thorium- 
zirconium castings. This system of alloys has a greater 
tendency to oxidize and to form oxide skins than other 
magnesium alloys, including the magnesium-rare earth 
metal-zirconium alloys and the alloys in the mag- 
nesium-aluminum-zinc system. 

A small number of dense inclusions presumed to be 
metallic zirconium has been found in the magnesium- 
rare earth metal-zirconium castings. These inclusions 
have also been observed in some of the magnesium- 
thorium-zirconium castings. Another type of segrega- 
tion detected in magnesium-rare earth metal-zircon- 
ium alloys was described by Skelly and Sunnocks.11 
They demonstrated that a eutectic-type of segregation, 
usually observed as a dense lined-up formation in a 
radiograph does not seriously impair the serviceability 
of such a casting. 

In a discussion which served to supplement the 
Skelly-Sunnocks, paper, Nelson!? presented data to 
show that the dense metallic zirconium segregation 
did not seriously impair the serviceability of magne- 
sium-rare earth metal-zirconium alloys. Both of these 
phenomena, the dense zirconium and the eutectic 
segregation, have been observed in the ternary 
and quaternary magnesium-thorium-zirconium alloys. 
While it is not expected that these conditions will 
seriously impair the serviceability of magnesium- 
thorium-zirconium castings any more than they did 
the magnesium-rare earth metal-zirconium alloys, 
efforts should be made in the foundry to minimize or 
eliminate them. It has been proven that proper 
handling of the molten alloy and correct gating and 
risering will result in acceptable quality castings of 
these compositions. 


MAGNESIUM SAND CASTING ALLOY HZ32XA 


The magnesium-rare earth metal-zirconium alloys 
have a relatively low microshrinkage tendency. In 
general the magnesium-thorium-zirconium alloys are 
inferior to the magnesium-rare earth metal-zirconium 
alloys in their tendency toward microshrinkage but 
are superior to such alloys as AZ63A and ZK51A in 
this respect. The addition of zinc to magnesium-rare 
earth metal-zirconium to produce EZ33A alloy and to 
magnesium-thorium-zirconium to make HZ32XA alloy 
results in even lower tendency toward microshrinkage. 

Another factor to be considered in a discussion on 
comparative castability features of various alloys is 
the linear shrinkage obtained in the mold upon freez- 
ing. Two different castings (A and B in Fig. 1) were 
used in obtaining data for such a comparison. The 
shrinkage figures in Table 2 represent the difference 
in the measurements of the pattern and the solidified 
castings at given locations. These measurements were 
made across relatively non-restrained areas of the 
casting. Casting design and the location of sand cores 
can change these values but the relative differences 
should remain the same. Evidently the shrinkage of 
the magnesium-thorium-zirconium alloys is similar to 
that of the magnesium-rare earth metal-zirconium 
alloys. The presence of zinc in both of these systems 
of alloys results in a reduction of the linear shrinkage 
as measured on the castings. 

The commercial magnesium sand casting alloys of 
today comprise four classes as far as castability is 
concerned: Alloys in the magnesium-aluminum-zinc 


TABLE 2 — COMPARISON OF SHRINKAGE OF VARIOUS 
MAGNEsIUM ALLOys Cast IN SAND MoLps 
Casting “B” 


Average %Shrinkage Average Y% Shrinkage 
Shrinkage Over AZ92A Shrinkage Over AZ92A 





Casting “A” 








Composition —_(in./ft) Alloy (in./ft) Alloy 
AZ92A 0.141 - 0.133 — 
EK30A 0.203 44 0.193 43 
EZ33A 0.186 $2 0.169 27 
HK31XA 0.198 40 0.190 43 
HZ32XA 0.195 38 0.172 29 





Tasie 3 — Errecr or TESTING TEMPERATURE ON THE TENSILE PROPERTIES OF BARS SECTIONED 
From INpDIvipUAL Castincs — HZ32XA-T5 ALLoy 














° u 

2 = 6 Testing Temperature, F 

ao a. a ; 

£ 3 2 70 400 500 600 650 

& . - 2 oe No. No. No. No. No 

Za Th @& @g& Bars TS YS %E Bars TS YS %E Bars TS YS Q%E Bars TS YS %E Bars TS YS %E 

A 2.26 2.57 0.82 0.04 Aver. 13 33.6 185 7.2 16 198 13.8 34.7 16 165 120 404 16 134 103 406 17 126 96 30.7 
Min. 28.4 166 2.7 17.5 12.9 26.0 153 11.1 31.0 126 94 $32.7 11.8 9.0 22.7 

B 2.55 3.40 0.77 0.04 Aver. 11 29.2 165 39 7 19.7 124 34.7 3 162 11.1 40.1 8 129 99 446 $3 120 93 35.1 
Min. 25.8 15.4 2.0 19.2 12.0 29.5 16.1 11.1 39.3 12.1 9.0 38.0 119 9.0 32.7 

D 226 2.57 0.82 0.04 Aver. 22 284 158 62 6 182 11.8 240 3 156 106 35.0 11 121 88 360 3 123 9.1 26.0 
Min. 22.3 136 3.0 16.8 10.7 14.0 15.0 98 30.0 11.1 7.6 24.0 12.1 88 20.0 

E-1 2.26 2.57 0.82 0.04 Aver. 21 310 174 54 13 189 128 2830— — — — 13 124 92 386 — — — — 
Min 26.0 15.8 2.0 17.9 11.7 11.0 - —- — 116 83 28.0 _-_ - — 

E-2 2.26 2.57 0.82 0.04 Aver. 21 310 176 5.1 13 192 182 270— — — — 18 126 94 356 — — — — 
Min. 28.3 15.2 4.0 176 118 12.0 _- —- — 119 87 16.0 - - — 


The average values were obtained arithmetically. 

The minimum values recorded for all compositions and testing 
temperatures were not necessarily obtained from the same test 
specimen. 

Bars held 10 minutes at temperature before testing. 


TS = tensile strength (1000 psi) 
YS = Yield strength (1000 psi) 
E % = elongation in 1 or 2 in. 
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TABLE 4— COMPARISON OF MINIMUM AND AVERAGE TENSILE PROPERTIES OF BARS SECTIONED 
From HK31XA-T6 anp HZ32XA-T5 CastIncs 














HK31XA-T6 HZ32XA-T5 

Testing Number Standard Number Standard 

Property* Temp., F of Tests Minimum Average Deviation of Tests Minimum Average Deviation 
TS 70 129 24.6 30.8 2.4 88 22.3 30.7 3.5 
Ys 70 128 14.1 16.2 1.1 88 13.6 17.1 15 
%E 70 129 2.0 5.5 16 88 2.0 54 18 
TS 400 66 216 23.9 1.3 55 16.8 19.3 1.0 
YS 400 68 11.7 12.8 0.8 55 10.7 13.0 0.8 
%E 400 66 8 16 3.0 55 ll 30 - 
TS 500 6 20.2 22.1 - 22 15.0 16.4 0.3 
YS 500 6 11.1 11.6 - 22 9.8 11.7 0.7 
%E 500 6 17 20 _ 22 30 38 6.1 
TS 600 58 17.1 19.1 0.7 61 11.1 12.7 0.7 
YS 600 58 9.5 10.8 0.5 61 7.6 9.5 0.7 
%E 600 58 10 21 3.8 61 16 38 8.5 
TS 650 4 13.1 15.0 - 23 11.8 12.4 0.3 
YS 650 4 8.1 8.6 - 23 8.8 9.4 0.4 
%E 650 4 12 21 - 23 20 31 - 

* TS=tensile strength (1000 psi) NOTE: Where no standard deviation is listed, the average value for that property is the 


YS=yield strength (1000 psi) 
% E=elongation in 1 or 2 in. 


arithmetic average of the individual values. 
Bars held 10 minutes at temperature before testing. 





group, except AZ63A alloy in applications where max- 
imum freedom from microporosity is required, have 
the best castability; the magnesium-rare earth metal- 
zirconium alloys, such as EK30A, EK41A and EZ33A, 
rate second; the magnesium-thorium-zirconium alloys 
rate third; and the magnesium-zinc-zirconium alloy 
ZK5IA is rated fourth. 


Mechanical Property Evaluation 
Tensile properties of test bars machined from in- 
dividual castings were obtained by testing at room 
temperature, 400 F, 500 F, 600 F and 650 F. The 
average and minimum values at each testing tempera- 
ture and the melt analysis from which the castings 
were poured are shown in Table 3. Strength proper- 


TABLE 5 — TENSILE PROPERTIES OF SEPARATELY CAST 
Test Bars PourED AND HEAT TREATED WITH 
Castincs — HZ32XA-T5 ALLoy 











Castings ‘ ‘ 

Poured Testing No. Tensile Properties® 
wth Test Bars Temp.,F Bars Ts Ys %E 

A,D,E-1,E-2 70 Average 3 32.4 17.3 5.3 

Minimum 32.0 17.0 5.3 

A,D,E-1,E-2 400 Average 2 18.1 12.0 36.0 

: Minimum 17.9 120 35.5 

A,D,E-1,E-2 500 Average 2 14.8 104 41.5 

Minimum 14.7 10.3 40.0 

A,D,E-1,E-2 600 Average 2 12.0 91 37.5 

Minimum 11.9 9.0 35.0 

A,D,E-1,E-2 650 Average 2 11.6 86 30.2 

Minimum 11.5 8.5 29.0 

B 70 Average 4 29.8 16.1 4.5 

Minimum 28.5 15.4 4.0 

B 400 Average 2 17.8 112 288 

Minimum 17.7 lll 140 

B 500 Average 2 14.5 95 39.2 

Minimum 14.3 92 39.0 

B 600 Average 2 11.6 86 40.5 

Minimum 11.6 8.1 39.5 

B 650 Average 2 11.2 8.0 32.2 

Minimum 11.1 78 315 


* TS—tensile strength (1000 psi) 
YS=yield strength (1000) psi) 
% E=elongation in | or 2 in. 
Bars held 10 minutes at temperature before testing. 


ties from casting D, which is the smallest casting and 
has relatively thin walls, are lower at all testing tem- 
peratures except 650 F than properties from the 
heavier wall castings. These results contradict the 
usual effect of wall thickness, which influences cooling 
rates, on tensile properties as reported for HK31XA- 
T6 alloy in an earlier paper. 

A statistical analysis of the tensile results was made 
as described previously. The average and standard 
deviation values as well as the number of values used 
for each determination are listed in Table 4 for 
HZ32XA-T5 together with the corresponding values 
for HK31XA-T6 for comparison. The HK31XA re- 
sults are taken from another investigation. This 
earlier work also compared tensile properties of 
HK3IXA and HZ32XA separately-cast test bars and 
indicated considerable superiority in tensile properties 
of HK31XA-T6. The data in Table 4 show that for 
bars sectioned from castings there is less superiority 
of HK31XA-T6 alloy over HZ32XA-T5 than was seen 


TABLE 6 — COMPARISON OF AVERAGE TENSILE PROPER- 
TIES OF BARS SECTIONED FROM MAGNESIUM-RARE 
EarTH METAL-ZIRCONIUM AND MAGNESIUM- 
THORIUM-ZIRCONIUM ALLOY CASTINGS 











Testing Number Property* 

Composition Temp.,F of Bars TS YS %E 
EK30A-T6 70 175 17.5 13.3 1.0 
EZ33A-T5 70 166 19.8 143. 25 
HK31XA-T6 70 129 30.8 162 55 
HZ32XA-T5 70 88 30.7 17.1 5.4 
EK30A-T6 400 93 16.0 10 8 75 
EZ33A-T5 400 90 18.0 98 140 
HK31XA-T6 400 66 23.9 128 16.0 
HZ32XA-T5 400 55 19.3 13.0 30 
EK30A-T6 600 80 114 66 39 
EZ33A-T5 600 102 11.3 6.7 44 
HK31XA-T6 600 58 19.1 108 2i 
HZ32XA-T5 600 61 12.7 9.5 ° 38 


* TS—tensile strength (1000 psi) 
YS=yield strength (1000 psi) 
% E=elongation in 1 or 2 in. 
Bars held 10 minutes at temperature before testing. 
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TABLE 7 — GRAIN SIZE MEASUREMENTS AND BRINELL HARDNESS VALUES ON HZ32XA CAsTINGs 
Grain Size Measurements Brinell Hardness Tests 
Number Number Average Grain Size in. Number Brinell Hardness No. 
Casting Samples Range Mean Samples Range Mean 
A 26 0.0015-0.0035 0.0023 7 53.4-56.8 55.4 
B 7 0.0035-0.005 0.0039 8 56.5-57.5 56.9 
D 19 0.001 -0.0035 0.0025 6 50.3-53.4 52.1 
E-1 18 0.001 -0.004 0.0019 - -—---- -- 
E-2 18 0.001 -0.004 0.0017 — OOOO -—— 
Separately-cast bars poured with castings A, D and E 
3 0.001 -0.0015 0.0013 — OOOO ot 
Separately-cast bars poured with casting B 
2 0.0025 0.0025 — sb 





TABLE 8 — RANGE — 100-HR CreEP Limits oF Bars SECTIONED FROM INDIVIDUAL CAstTINGs — HZ32XA-T5 ALLoy 





Range — Creep Limits (1000 psi) 








Casting Testing Number 0.1% Creep 0.1% Creep + Plastic 0.2% Total 0.5%, Total 

Number Temp., F Curves Extension Extension Extension Extension 
A 400 4 9.4-9.8 9.2-9.6 8.4-9.0 10.6-11.2 
B 400 1 9.0 8.4 7.4 9.9 
E-1 400 1 8.4 8.4 76 9.0 
E-2 400 1 8.2 8.0 7.1 9.2 
A 500 3 7.0-7.4 6.8-7.3 6.5-6.9 9.2 
B 500 I 7.2 7.2 7.0 8.4 
E-l 500 8 6.2-7.3 6.1-6.9 6.0-6.6 7.5-8.0 
E-2 500 8 6.374 5.9-7.2 6.0-6.8 8.2-8.5 
A 600 4 $.8-4.8 $.9-4.5 4.0-4.3 5.6-5.7 
B 600 2 4.2-4.4 4.2-4.4 4.0-4.5 5.6-6.2 
D 600 1 3.6 3.6 3.6 5.0 
E-1 600 2 3.1-3.6 $.2-3.6 $.2-3.7 3.8-4.4 
E-2 600 2 3.5-4.0 3.4-4.0 $.5-4.1 4.5-5.4 
A 650 6 2.42-2.90 2.40-2.92 2.75-3.12 $.73-3.83 
B 650 1 2.69 2.40 2.84 a 
E-1 650 1 261 2.60 2.71 3.20 
E-2 650 1 2.35 2.68 2.95 3.40 





TABLE 9 — RANGE — 1000-HR CrEEP Limits OF Bars SECTIONFD FROM INDIVIDUAL CAsTINGs — HZ32XA-T5 ALLoy 





Range — Creep Limits (1000 psi) 








Casting Testing Number 0.1% Creep 0.1% Creep + Plastic 0.2% Total 0.5% Total 

Number Temp., F Curves Extension Extension Extension Extension 
A 400 4 8.4-9.0 8.4-8.8 7.8-8.2 9.6-10.1 
B 400 1 5.8 5.5 7.2 9.6 
E-l 400 1 76 75 7.0 8.4 
E-2 400 1 7.0 7.0 6.4 8.5 
A 500 1 5.7 5.6 56 7.0 
E-l 500 1 5.0 48 5.1 6.9 
E-2 500 1 5.0 46 5.0 66 
A 600 2 2.80-2.86 2.80-2.89 3.03-3.20 3.50-3.62 
B 600 1 2.13 2.20 2.47 3.25 
D 600 1 2.10 2.10 2.20 —_— 
E-l 600 2 1.90-1.97 1.90-1.95 2.10-2.31 2.72-3.32 
E-2 600 2 2.17-2.43 2.16-2.43 2.23-2.39 2.81-3.20 
A 650 4 1.44-1.82 1.40-1.82 1.64-1.91 1.92-2.18 
B 650 ! —_ —_— 1.73 2.20 
E-1 650 1 1.32 1.34 1.54 1.88 
E-2 650 1 1.29 1.29 1.46 1.83 





in separately-cast test bars. The real superiority lies 
in the higher tensile strength values of HK31XA-T6 
alloy. The higher ratio of tensile strength to yield 
strength of HK31XA at elevated temperatures as com- 
pared to HZ32XA may have some significance to the 
designer. 

Separately-cast test bars poured and heat treated 
with the castings were tested in tension at room and 
elevated temperatures. The results, shown in Table 
5, suggest that bars sectioned from castings in 
HZ32XA-T5 alloy and tested in tension can be as 
good as or better than separately-cast test bars. 


Average tensile properties of bars sectioned from 
castings of two magnesium-rare earth metal-zirconium 
alloys, EK30A-T6 and EZ33A-T5, are compared with 
similar data on HK31XA-T6 and HZ32XA-T5 alloys 
in Table 6. The strength superiority of the mag- 
nesium-thorium alloys is evident from these data. 

Grain size measurements were made on broken 
tensile bars machined from the various HZ32XA-T5 
castings as well as on the reduced section of a few of 
the separately cast test bars after they had been tested. 
The range in average grain size as well as the mean 
average grain size is listed for each casting in Table 7. 
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Within a given casting, when the spread in average 
grain size was large enough, the finer grain bar pro- 
duced the best tensile properties, as would be ex- 
pected. The smallest average grain size appears to 
be in casting E-1 and E-2 while the largest appears 
to be in casting B and in the separately-cast bars 
poured with it. Average tensile properties, of all bars 
within a casting, however, did not necessarily corre- 
late with the mean average grain size measurements 
made on bars from the same casting. 

The soluble zirconium content of the melt from 
which casting B was poured is slightly lower than the 
melt from which the other castings were poured (0.77 
per cent as compared with 0.82 per cent). Possibly 
the effect of this difference on average grain size is 
real but the variation in design of the parts poured, 
which would affect cooling rates, prevents discussing 
this possibility further. 

Hardness. Samples were taken from sections of 
castings A, B and D for Brinell hardness tests. The 
range and mean Brinell hardness values for each cast- 
ing are shown in Table 7. The results do not correlate 
with tensile properties from the same castings. Cast- 
ing D, which showed the lowest room temperature 
tensile properties, also has the lowest Brinell hardness 
values. 

Creep tests on bars sectioned from the castings 
were conducted at several levels of stress at 400, 500, 
600 and 650 F for times up to 1000 hr. The 100-hr 
and 1000-hr creep limits of bars from each casting are 
shown in Tables 8 and 9. The geometry of casting D 
made it difficult to obtain many bars suitable for 
creep testing, therefore, bars from this casting were 
tested at only 600 F. The four conventional creep 
limits presented may be defined as follows: 

1. Limiting stress to give 0.1 per cent creep exten- 
sion in a given time. 

2. Limiting stress to give 0.1 per cent creep plus 
plastic extension in a given time. 

3. Limiting stress to give 0.2 per cent total exten- 
sion in a given time. 

4. Limiting stress to give 0.5 per cent total exten- 
sion in a given time. 

These creep parameters were obtained by interpola- 
tion of log stress vs. log extension plots of the original 
data as described in earlier papers.9-1° 

Total extension represents the total deformation 
which occurs during both the loading and the creep 
testing period. Creep extension is the extension at 
constant stress and temperature as a function of time 
after the specimen is loaded. Plastic extension is the 
measure of the amount of permanent deformation 
which occurs during the initial loading of the speci- 
men. The expansion of the sample due to tempera- 
ture is not included in any of these measurements. 

A minimum of three tests was necessary in order to 
obtain curves suitable for establishing the four creep 
levels defined earlier. In a few cases enough bars were 
not available and all of the creep limits were not 
obtained. Based on the results in Table 8 it appears 
that castings A and B are superior after 100 hr testing 
at 400, 500 and 600 F but that all are equivalent at 
650 F. In Table 9, after 1000-hr testing, casting A 
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still exhibits the best creep properties with casting B 
next in superiority. The 0.2 per cent total extension 
creep limit for casting B at 400 F after 1000-hr testing 
is higher than the 0.1 per cent creep extension para- 
meter, while after 100 hr testing their respective 
positions are reversed. Normally it has been observed 
that the 0.1 per cent creep extension parameter is as 
high as, or higher than, the 0.2 per cent total exten- 
sion creep limit. The drop in allowable stress to reach 
0.1 per cent creep extension when going from 100 to 
1000 hr indicates less strength stability in bars from 
casting B than in bars from the other castings. No 
explanation can be offered for this fact. 

In earlier publications!.? the creep resistance of 
separately-cast test bars of HK31XA-T6 and HZ32XA- 
T5 alloys were compared at several testing tempera- 
tures for times up to 1000 hr. In order to get an over- 
all picture of the creep characteristics of bars from 
the castings, the stress for each bar of HZ32XA-T5 
alloy was plotted against the per cent total extension 
for five testing times: 10 hr, 50 hr, 100 hr, 400 hr and 
1000 hr. The original creep curves obtained on 
HK31XA-T6 casting reported earlier! were used to 
produce similar plots for times of 10 hr, 50 hr and 
100 hr. Lines were drawn to define the upper and 
lower limits of the bands of data for each testing time 
and temperature. 

In a few cases points were left outside of the band 
when the test obviously was out of control. Figures 
2 and 3 show the scatter of data obtained after 100-hr 
testing on HK31XA-T6 and HZ32XA-T5 alloys. Fig- 
ure 4 shows the scatter band for HZ32XA-T5 after 
1000-hr testing. Three creep parameters were exam- 
ined as a function of time by taking the range in 
creep resistance for the various times and plotting this 
range on log stress vs. log time graphs for a given 
parameter. The parameters evaluated were 0.1 per 
cent total extension, 0.2 per cent total extension and 
0.5 per cent total extension. Figures 5 through 10 
compare the range obtained from castings with the 
results reported on separately-cast test bars. 

The points plotted for five minutes of testing time 
were taken from the autographically recorded stress- 
strain curves obtained in the short-time tensile tests 
at a given testing temperature. In several cases it was 
necessary to extrapolate the stress-strain curve in, 
order to obtain 0.5 per cent total extension. There 
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Range Stresses 
Required to Produce 





Testing Number 0.2% Total Extension in 
Composition Temp.,F of Bars 100 Hr, 1006 psi 
EK30A-T6 400 46 5.0 - 8.9 
EZ33A-T5 400 41 5.8 - 9.0 
HK31XA-T6 400 24 7.8 -106 
HZ32XA-T5 400 31 6.5 - 94 
EK30A-T6 600 36 1.17- 1.80 
EZ33A-T5 600 33 0.94- 1.61 
HK31XA-T6 600 25 2.10- 3.63 
HZ32XA-T5 600 42 2.79- 4.90 
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Fig. 11 — Range 100-hr creep limits (0.2% total extension) 
of bars sectioned from castings. 


are some cases where the separately-cast test bar data 
do not fall within the scatter obtained on bars from 
castings. In general, the relationship is good. Data 
are not available at 650 F on separately-cast test bars 
for either composition. Few tests were made on 
HZ32XA-T5 bars from castings at 500 F beyond 100 
hr, therefore, the scatter band for times longer than 
100 hr could not be defined accurately. 

The effect of testing temperature on the 100-hr 0.2 
per cent total extension and 0.5 per cent total exten- 
sion values of bars sectioned from HK31XA-T6 and 
HZ32XA-T5 castings is shown in Figs. 11 and 12. 
HK31XA-T6 shows superiority at 400 F but this 
superiority is smaller at lower allowable extensions. 
With increasing temperature the superiority of 
HK31XA-T6 decreases and at some temperatures be- 
tween 600 and 650 F (depending again upon the 
allowable extension) HZ32XA-T5 becomes superior. 

A comparison of creep strength can be made be- 
tween the magnesium-rare earth metal-zirconium 
alloys and the magnesium-thorium-zirconium alloys 
by referring to Table 10. The range in stress required 
to produce 0.2 per cent total extension in 100 hr is 
shown on bars from castings of EK30A-T6, EZ33A-T5, 
HK31XA-T6 and HZ32XA-T5 alloys tested at 400 F 
and 600 F. The two magnesium-rare earth metal 
alloys are inferior at both testing temperatures to the 
magnesium-thorium alloys. 

Surface Protection 

Many chemical treatments and paints are now avail- 
able for magnesium alloys. The protective treatment 
will depend upon the application in which the casting 
will be used. As indicated in an earlier report! the 
magnesium-thorium-zirconium alloys are similar to 
the magnesium-rare earth metal-zirconium alloys as 
regards chemical treatment. The following treat- 
ments can be satisfactorily applied: 1. Dow No. 1 
chrome pickle (MIL-M-3171 Type I) ; 2. Dow No. 9 
galvanic anodize (MIL-M-3171 Type IV); 3. Dow 
No. 10 sealed chrome pickle (MIL-M-3I71 Type II) ; 
4. Dow No. 17 anodize (No specification issued) ; and 
5. HAE anodize (MIL-C-13335, ORD). 

Dow No. 7 dichromate treatment (MIL-M-3171 
Type III) cannot be used on the ternary alloys but 
on the alloys containing zinc, such as EZ33A-T5 and 
HZ32XA-T5, it works satisfactorily. It can be ex- 
pected that when a proper finish is applied to either 
composition, they will perform satisfactorily in service. 
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Fig. 12 — Range 100-hr creep limits (0.5% total extension) 
of bars sectioned from castings. 


Conclusion 

An evaluation of castability considerations indicates 
that the commercial magnesium sand casting alloys 
can be listed in decreasing order of castability as 
follows: 1. Mg-Al-Zn alloys except AZ63A alloy in 
applications requiring maximum freedom from micro- 
porosity; 2. Mg-RE-Zr alloys; 3. Mg-Th-Zr alloys; and 
4. Mg-Zn-Zr alloys. The addition of zinc to the 
Mg-RE-Zr and Mg-Th-Zr alloys greatly reduces their 
tendency toward microshrinkage. 

Considerable overlap is in evidence in the creep 
results of bars sectioned from HK3IXA-T6 and 
HZ32XA-T5 castings. At 400 F and for larger ex- 
tensions HK31XA exhibits optimum creep properties. 
HZ32XA-T5 alloy shows superiority in creep resist- 
ance over HK31XA-T6 as testing temperature or time 
is increased, or if the allowable extension is reduced. 
The specific alloy composition for each application 
must be determined by limitations of stress, allowable 
extension and time of operation at a given tempera- 
ture. 

Standard procedures recommended for the chemical 
treatment of commercial sand-cast magnesium alloys 
can be used with HK3IXA and HZ32XA alloys. 
When properly chemically treated and painted, these 
alloys should perform satisfactorily in service. 
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DISCUSSION 


Chairman: D. L. Cotwett, Apex Smelting Co., Cleveland. 
Co-Chairman: W. A. MAvER, Oberdorfer Foundries Inc., Syra- 
cuse, N. Y. 


E. F. EMLEY (Written Discussion)!: This is a most valuable 
paper and summarizes concisely the results of a large number 
of creep tests carried out on specimens taken from actual castings 
and with testing times up to 1000 hr. 

To us the point of most interest is that despite the better 
high temperature tensile properties shown by HK31XA in test 
bars, bars cut from actual castings in the two alloys HK31XA 
and HZ32XA* show equivalent yield strength at both room and 
elevated temperatures. It should be noted that in the case of 
HZ32XA these properties are achieved without a high tempera- 
ture solution treatment, the only heat treatment applied being 
that of stabilizing for 16 hr at 600 F. 

Nelson’s creep tests show satisfactory agreement between bars 
cut from castings and separately cast test bars. His present re- 
sults confirm earlier findings that for the lower service tempera- 
tures and shorter times HK31XA is the better alloy whereas for 
higher temperatures and long service life HZ32XA is preferable. 
This is shown clearly in Fig. 11-12 for 100-hr tests. The 1000- 
hr tests show HZ32XA in an even more favorable light. The 100-hr 
tests indicate that above 550 F, HZ32XA tends to show slightly 
better, and above 600 F shows appreciably better, creep resist- 
ance, until at 650 F the stresses for both 0.2 per cent and 0.5 
per cent total extensions in HZ32XA are about twice those for 
HK31XA. 

The order of “castability” of the various groups of magnesium 
alloys given by Nelson does not accord entirely with our experi- 
ence, but this may be partly due to differences in the relative im- 
portance attached to various characteristics in arriving at an 
overall impression of castability. It is not clear to us why Nelson 
places ZK51A at the bottom of the list. 

This alloy has been made and used in Great Britain since 
1947 under the name Z5Z and it has proved an excellent high 
strength casting alloy. In particular the tensile properties of 
bars cut from actual castings approximate closely to, and fre- 
quently exceed, those of separately cast British D.T.D. test bars. 
In this respect, as well as in the higher level of proof stress and 
elongation, the alloy is superior to the well known casting al- 
loys AX91 and AZ81 which have been used in Britain for so 
many years. Provided a full zirconium content is present and a 
suitable running method applied, ZK51A gives castings which, 
although not entirely free from microshrinkage, are often sounder 
than in AZ81. Asa result, the alloy has been widely adopted in 
Britain particularly for aircraft wheels. 


Nelson concludes that the addition of zinc to Mg-RE-Zr and 
to Mg-Th-Zr alloys “greatly reduces their tendency toward micro- 
shrinkage”. In our experience the tendency of ZRE1 (EZ33A) 
to microshrinkage, always provided a full zirconium content is 
maintained, is virtually nil. The same seems to be the case with 
HZ32XA. Even the zinc-free alloy MCZ (EK31) is in our experi- 
ence normally free from microshrinkage, again always provided 
a full zirconium content is introduced, which is the case with 
all Mg-Zr alloys in this country. We should have expected the 
alloy HK31XA likewise to be normally free from microshrinkage, 
but if this is not the case then here is a further point in favor 
of HZ32XA. 


Except for a slight tendency to produce folds, which is easily 
corrected, we have found HZ32XA to be a very “castable” alloy. 
Warrington+ moreover has concluded from fluidity tests that the 
alloy is “just as fluid, for example, as AZ91 alloy, if not more so.” 


1. Chief Metallurgist, Magnesium Elektron Ltd. Manchester, Gt. Britain. 

*The alloy HZ32XA was developed by Magnesium Elektron Limited under 
the trade name ZT1. 

+H. G. Warrington, Paper presented to Magnesium Association, New York, 
November 1953. 
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We do not appear to have encountered the pitting on the cope 
surfaces of HZ32XA alloy castings mentioned by Nelson but can 
confirm his experience that Mg-Th-Zr alloys show a greater ten- 
dency to form oxide skins than do the Mg-RE-Zr alloys. How- 
ever with suitable running methods, satisfactory castings are 
readily made in HZ32XA alloy. 

Mr. NELSON (reply to Mr. Emley): I wish to thank Mr. Emley 
for his interesting comments. It appears that the only phase upon 
which we disagree is in listing the order of castability for the 
various alloys. I believe this difference can be partially over- 
come by getting together on our definition of castability, as Mr. 
Emley suggests. It is agreed that ZK51A alloy produces castings 
having good strengths which are quite close to those obtainable 
from separately cast test bars. 

The alloy is useable for castings simple in design. However, 
this alloy is susceptible to micro-porosity, draws and cracks and 
it is because of these factors that we rate the alloy on the bot- 
tom of the list. We agree with Mr. Emley and state in the paper 
that EK41 and HK$I alloys do not have high micro-porosity 
tendencies. We also agree that the addition of Zn to these al- 
loys reduces micro-porosity to “virtually nil”. We do want to 
concur and emphasize that satisfactory castings are being pro- 
duced in the new Th alloy HZ32XA. 

It remains with each individual foundry to rate the various 
magnesium alloys in order of castability, as its experience indi- 
cates they should be. 


L. H. McCrerry2: What was the section thickness of castings 
from which mechanical properties of coupons are reported? 

What effect does casting section thickness have on mechanical 
properties? 

Mr. Nrison: These castings ranged in section thickness from 
34, in. to 134 in. A factor discounted in quoting these section 
sizes is the location of gates and risers which, of course, could 
affect cooling rates. Unlike other alloy evaluations with these 
same casting designs the thinner wall parts in HZ32XA alloy 
showed the lowest room temperature tensile properties. This 
point is discussed in more detail in the paper proper. 


R. F. Darton’: Is anything being done to better the yield in 
putting zirconium into solution in magnesium? 

Mr. NELSON: Several investigators have attempted to develop 
alloying techniques or agents which would result in improved 
zirconium alloying efficiencies. There appears to be something 
inherent in the magnesium-zirconium system preventing good 
alloying recoveries. A good review of this problem has been 
presented by Saunders and Strieter (TRANsactIoNns AFS, vol. 60, 
pp. 581-594, 1952). 


F. L. Wuetic4: Under some of the mechanical properties listed 
it was noted that elongation was given in per cent in 1 or 2 in. 
Were substandard tensile specimens employed in some tests? 

What is the solubility of zirconium in magnesium? 

Mr. NEtson: Substandard tensile specimens were used in order 
to better evaluate the various casting sections. These bars were, 
however, acceptable to the ASTM. 

The solubility of zirconium in liquid magnesium is around 
0.6 per cent. The addition of zinc and/or thorium to magnesium 
can increase the solubility to about 0.85 per cent. 

Mr. Netson (Author’s Closure): The addition of zirconium to 
magnesium has expedited the development of both wrought and 
cast magnesium alloys. Zinc, rare earth metal and thorium 
additions have resulted in improved properties at elevated tem- 
peratures. The various alloys produced through the use of these 
additions supplemented the older magnesium-aluminum-zinc 
system of alloys to make available magnesium sand casting alloys 
usable over a wide range of operating temperatures. 


2. Chance Vought Aircraft Inc., Dallas, Texas 
3. Howard Foundry Co., Chicago, Ill. 
4. Reynolds Metals Co., Malvern, Arkansas 








A QUANTITATIVE EVALUATION AND IMPORTANCE 
OF HYDROGEN IN ALUMINUM FOUNDING 


By 


Dixon Chandley,* Clyde M. Adams, Jr.,** and Howard F. Taylort 


ABSTRACT 

A considerably detailed evaluation of hydrogen 
adsorption under closely controlled operating condi- 
tions is described. This evaluation was made quanti- 
tatively by use of the reduced pressure tester in 
combination with a rapid measuring densitometer. 
Results are presented in terms of a parameter, alpha, 
which is a measure of hydrogen content of a molten 
metal sample. Sources of hydrogen considered were 
scrap, furnace atmosphere, air at different humidities, 
and green sand molds. 

Some experiments are presented that illustrate the 
importance of degassing aluminum heats that are to 
be used for stressed castings. Plate castings were made 
at different gas levels and the tensile properties across 
the plate were measured. These properties are com- 
pared to castings made from totally degassed heats 
of metal. 

Because of the importance of hydrogen removal, 
many types of degassing procedures were used and 
their relative merit was establishd under certain 
operating conditions. It was found that slight changes 
in degassing technique will produce results that are 
apparently contradictory. 

All research described herein was done with alloy 
195; most results are closely applicable to other alumi- 
num alloys. The loss in tensile properties with in- 
creased hydrogen content is probably more severe in 
alloy 195 than in some other alloys that have a shorter 
temperature gap between the liquidus and the solidus. 


Introduction 


In the founding of aluminum alloys, it has long 
been known that hydrogen in small amounts will 
exaggerate interdendritic porosity. The amount of 
this hydrogen determines to a large extent what 
sort of physical properties one can obtain in the 
finished casting. This has been done qualitatively 
many times, but the data are vague and confusing.! 
This is because the tensile properties depend on 
solidification time, thermal gradients during solidi- 
fication, and grain size as well as hydrogen con- 
tent. This report contains data on tensile properties 
for which all the details of production are given. 

Consultation of any standard reference on alumi- 
num founding will reveal various sources of hydrogen 
such as scrap, crucible, tools, furnace atmosphere, 
fluxes, air, and mold materials. This information 


*Staff Member, **Assistant Professor, and tProfessor of Metal- 


lurgy, respectively, Department of Metallurgy, Massachusetts 
Institute of Technology, Cambridge, Mass. 
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is not specific enough to be of any use to the 
practical foundryman. What is needed is a careful 
evaluation of the relative importance of these sources 
that will clarify this subject and suggest the best 
means for remedial action. There are two main 
reasons this has not been done before: 1) Lack of 
a rapid, accurate means for determining the amount 
of hydrogen in the alloy. 2) Incomplete control of 
all the variables involved. Recently, the Pitman-Dunn 
Laboratory of Frankford Arsenal has developed a 
rapid measuring gravitometer.2 This densitometer, 
or gravitometer, when used in conjunction with the 
reduced pressure tester,? gives a dependably re- 
producible method for quantitatively obtaining a 
useful parameter (excess voids due to hydrogen, in 
cubic centimeters per hundred grams of aluminum) 
of a sample of molten aluminum. 


The second factor—poor control of experimental 
procedure—is a matter of technique and personnel. 
To construct apparatus for control of all seven vari- 
ables at a practical level would be prohibitively ex- 
pensive. The procedure used in this program is to 
note carefully all variables pertinent to operation, 
rather than prescribe the operating conditions be- 
fore the experiment. 

Previous qualitative knowledge of sources of hy- 
drogen indicates that the melting operation usually 
causes significant hydrogen contamination of the 
melt. For this reason, an efficient method of remov- 
ing hydrogen must be used. There are several tech- 
niques for degassing molten aluminum and there is 
much confusion concerning their relative validity. 
The procedures for measuring hydrogen pickup from 
various sources are very similar to that measuring 
hydrogen removal. It was quite natural, therefore, 
that an evaluation of many degassing procedures was 
included in this report. 

This research is now underway at M.I.T. as a 
part of an overall aluminum casting research pro- 
gram sponsored by the Ordnance Corps through 
Frankford Arsenal. It will, when complete, supply 
the foundrymen with quantitative information about 
the troublesome sources of hydrogen. This report 
will describe the procedures used and offer results 
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Fig. 1— A (top), Original plate casting design. B (bottom), 
Improved design. Pouring basin was cut in by hand. 
and tentative conclusions arrived at in the first seven 
months’ experimentation. It is reported in three parts 
for clarity of presentation. These are: A) Effect of 
hydrogen content on the tensile properties of 195 
alloy; B) Sources of hydrogen in aluminum founding; 

C) Techniques for degassing aluminum. 


Procedures and Results 


A) Effect of Hydrogen Content on the Tensile Prop- 
erties of Alloy 195 


It has been adequately shown that tensile proper- 
ties of aluminum alloys of low hydrogen content are 
acutely dependent on thermal gradients during so- 
lidification.2 In fact, this study shows that cast 
aluminum alloys can be made to have properties 
equal to those of wrought aluminum alloys. Now, 
another variable —that of hydrogen content of the 
melt — is added to the variable of thermal gradients 
during solidification. 

The castings were produced from metal melted 
in a clay-graphite crucible of 40-lb capacity which 
was heated in a pit-type gas furnace. The alloy 
was made up of commercial aluminum and a 50- 
50 copper-aluminum hardener. Titanium up to 0.2 
per cent was added in the form of a 5 per cent 
titanium-aluminum hardener. In every case the melt 
was heated to above 1300 F and stirred vigorously 
to insure homogenization. Hydrogen was added to 
the melt by use of proprietary powder compound. 
The melt was degassed to different levels of hy- 
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drogen content and the molds were poured at 1250 F 

Tensile properties were measured throughout plate 
castings, which were gated and risered as shown 
in Fig. 1. Plate thickness was 34-in. and a 3-lb 
copper chill was placed at the end away from the 
riser. Molds were made from No. 140 sand with 
the following composition: 3 per cent western ben 
tonite; 14 per cent cereal; 14 per cent dextrine; and 
3.5 per cent water. 

A reduced pressure test sample was taken just 
prior to pouring; also, samples were taken out of 
the risers to determine if any appreciable gas ad- 
sorption had taken place. The parameter, alpha, 
excess voids in cubic centimeters per 100 grams was 
found in the following manner. With each series of 
samples a well-degassed reference sample is taken; 
for this sample, which is the most dense, alpha = 0. 
Subsequent samples have equal or smaller densities; 
they have voids in excess of those of a degassed 
sample. Reduced pressure must be specified for al- 
pha or results are not comparable. In this report, 
alpha for a given pressure is given a notation such 
as ag for samples taken at pressure of 8 cm of mercury. 


a — 100 _ 100 
Pp, ?P, 
where p = density of reference sample 
p, = density of test sample. 





The value of alpha is in cubic centimeters per 
100 grams and is simply a quantitative measure of 
the holes one sees on a sectioned reduced pressure 
test sample. An increase in alpha reflects an in- 
crease in hydrogen content of the melt. 





Fig. 2— Reduced pressure test apparatus. 
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If the following assumptions are made, it is possible 
to convert into absolute hydrogen content: 
1) The pressures within the voids of a reduced pres 
sure test sample equal that in the bell jar. 
2) The reference sample is substantially void free. 
Then, neglecting the very small solubility of hy- 
dregen in solid aluminum, the hydrogen content 
of the melt is: 


P_, 278 
76 ° 933 


where: S= cubic centimeters of hydrogen (S.T.P.) 
per 100 grams of aluminum 
P = absolute pressure in the bell jar, in centi- 
meters of mercury. 


This conversion, if valid would make possible a 
comparison of results obtained at various pressures. 
All results in Figs. 4, 5, and 6 have been obtained 
at P= 8 cm of mercury and are given in terms of 
void volume. Data are currently being accumulated 
at different pressures so the validity of assumption 
1), above, can be tested. 

The reduced pressure tester and gravitometer are 
shown in Figs. 2 and 3, respectively. The reference 
of Lipson and Saia2 may be consulted for de- 
tails of construction of the gravitometer. Sampling 
cups were made of steel and coated with alundum 
cement; they were preheated to a red heat before 
use. All samples were dipped from the molten metal 
and placed in the bell jar, which was then evacuated 
to the desired pressure. 

After the sample solidifies, it is taken from the 
bell jar and sand-blasted clean. Alcohol is used to 
wash the samples to prevent contamination of the 
gravitometer. The cleaned sample is placed on the 
glass pedestal which is suspended in alcohol and 
floating on mercury, as shown in Fig. 3. The ped- 
estal sinks into the mercury forcing mercury up 
the lower scale and alcohol up the top scale. The 
ratio of the change in mercury level to the change 
in alcohol level is directly proportional to the density 
of the sample. Once the densitometer is calibrated, 
each density measurement takes less than a minute 
or two on the average. Maximum error in density 
measurements over the range desired is +0.5 per cent. 

The important fact is that measurements of alpha 
are accurately reproducible; error analysis indicates 
a maximum error in alpha of about 20 per cent 
for low values of alpha. When one operates over 
the range of alphas from 0.8 to 3.0 for a given 
pressure, the expected error in alpha is about +10 
per cent. This corresponds to a hydrogen content 
from 0.01 cc H,/100 g to 0.1 cc H,/100 g (S.T.P.) 
at 8 cm of mercury. If higher hydrogen contents 
are found, alphas should be taken at a higher 
pressure, so that, for any hydrogen content, the 
values of alpha will be in the range over which it is 
accurate. The theoretical relation between alphas at 
different pressures has not yet been fully substan- 
tiated; in the meantime, multiplying a, at P, by the 
ratio P, /P, will give a value of a, that can probably 
be compared to ap. 

The plate castings were solution-treated and aged 
before being cut-up for tensile testing. Then %4-in. 
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sections were cut parallel to the chill face and 
machined into standard 0.505-in. tensile bars. Ten- 
sile properties- are plotted against distance from the 
chill for different values of ag in Figs. 4 and 5. 
Figure 6 shows two tensile bars in the range of 
alphas covered. 

A comparison of Figs. 4 and 5 shows, in a 
practical way, that grain size, thermal gradients dur- 
ing solidification, and pattern design markedly af- 
fect the behavior of tensile properties of 195 alloys 
at different amounts of hydrogen. These graphs 
show that for coarse grained samples, even steep 
temperature gradients will not produce good ten- 
sile properties in the presence of hydrogen. The 





Fig. 3 — Gravitometer and sampling cups... A sample may be 

seen on the pedestal inside the cylinder. Brass markers indi- 

cate rise of liquid in the tubes and reduce error in reading 
the scales. 


combination of coarse grain and high hydrogen con- 
tent is disastrous; ultimate tensile strength is re- 
duced by 25 per cent and elongation by 75 per 
cent in the bars adjacent to the chill. In metal freez- 
ing under lower thermal gradients (further away from 
the chill), the elongation is essentially zero. This 
means that a given amount of hydrogen will have a 
more deleterious effect if the section thickness is 
greater than these plate castings. This is due to the 
fact that it is more difficult to establish steep thermal 
gradients in thick sections. Properies shown in Fig. 
5 are at a higher level than those in Fig. 4, es- 
pecially the elongations. This is due to a better 
gating and risering system and a finer grain size 
for castings in Fig. 5 than for those in Fig. 4. 
The yield strengths are not presented because they 
show no decrease in the presence of any amount 
of hydrogen. 

The effect of hydrogen on grain refined castings 
is not as severe as its effect on coarse grained cast- 
ings. In fact, the tensile properties of severely 
gassed heats (ag = more than 6) are equivalent to 
those of a lower gas content (ag = 0.7) if the sample 
is solidified under steep thermal gradients, However, 
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Fig. 4A — Ultimate tensile strength and elongation for cast- 
ings made out of pattern “A” at different levels of alpha 8. 
Solid points indicated are at a value of alpha 8 greater 
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Fig. 4B —Tensile properties of castings made from non- 
Grain refined 195 alloy at different values of alpha 8. 
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moderately gassed heats (ag from 1.2 to 3.0) show a 
decrease in tensile strength; the amounts of the de 
crease depend on the thermal gradients during 
solidification. Sections of the castings solidified under 
low thermal gradients have uniformly low tensil 
properties in the presence of even small amounts of 
hydrogen. From a practical standpoint this is the 
important case since steep thermal gradients cannot 
usually be established throughout a casting. There 
fore, from the point of view of everyday operation, 
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Fig. 5 — Ultimate tensile strength and elongation for castings 
made from pattern 1B at different values of alpha 8. Alloy 
is 195, titanium grain refined. 


degassed metal appears distinctly superior to metal 
containing hydrogen. 
The following conclusions may be drawn: 


1) Small amounts of hydrogen cause a distinct de- 
crease in tensile properties of these grain refined 
plate castings; properties of coarse grained heats 
and thick section castings are drastically reduced 
by presence of hydrogen. The relationship be- 
tween hydrogen content and tensile properties 
is fairly complicated. The addition of a small 
amount of hydrogen to a gas-free heat is always 
more or less harmful. A severely gassed heat may, 
however, be substantially superior in tensile prop- 
erties to one moderately gassed. It is felt this 
relates to the variation in shape of the voids 
formed at different gas contents. 

2) Foundries operating with medium to coarse grain 
sizes must degas every heat if good tensile prop- 
erties and any elongation are required. 

3) The type of gating and risering system used can 
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affect tensile properties as much or more than 
small amounts of hydrogen, due to its effect on 
thermal gradients during solidification and en- 
trapped oxides. 

4) The void volume of a reduced pressure sample 
due to the presence of hydrogen has been des- 
ignated alpha. Alpha is, in itself, a convenient 
and sensitive parameter for quantitative compar- 
ison of hydrogen contents; alpha may be con- 
verted into units of hydrogen content provided 
one knows the pressure within the voids. 

B) Sources of Hydrogen in Aluminum Founding 


A quantitative comparison of the relative impor- 
tance of sources of hydrogen is of crucial impor- 
tance. The vagueness of literature in comparing a 
source such as scrap to another source such as fur- 
nace atmosphere, is misleading. For example, it is 
important to know whether or not aluminum will 
always be contaminated; even when ideal melting 
procedure is used. The foundryman must know how 
much hydrogen is picked up by the melt subse- 
quent to elimination of the hydrogen adsorbed during 
melting. He must also know whether the aluminum 
will be seriously gassed if for some cause pouring 
must be delayed. All these factors are being in- 
vestigated, and when the investigation is completed 
enough information will be presented to enable the 
foundryman to accurately control hydrogen in pro- 
duction. 

Alpha was obtained in the same manner as in 
Part A, and is shown for a variety of procedures 
in Tables 1 and 2. From Table 1, it can be seen 
that scrap in the form of ingot cast at humidi- 
ties of less than 65 per cent (about 70 F) can 
be remelted by a gas furnace in a clay-graphite 
crucible under the same atmospheric conditions with 
a value of a 6.5 at zero. However, scrap from 


‘TABLE I — Sources OF Gas Durinc MELTING INGOTS 








Degassing or 
Heat Gassing Holding Relative Humidity 
No. Procedure Time,min Alpha6.5 Temperature 
50-A 10min Cl, at 2.5 0 0 55%, 72F 
liters/min 
50-B 5min Cleat 25 0 0 55%, 72 F 
liters/min 5 0.117 ~0 
10 0.17 ~0 
15 0.17~0 
52. =: 10 min Cl. at 2.5 0 0.13~0 47%, 71 F 
liters/min 6 027~0 
11 0.13 ~0 
16 0 
21 027~0 
26 0.27 ~ 0 
56 Poled with wet wood 2 >8 67%, 75 F 
3 >8 
7 > 64 
12 >8 
17 >8 
22 >6 
25 >5 
27 >5 


NOTE: 30-lb heats of 195 alloy. All measurements are out of 
the range of accuracy of alpha 6.5. Heat 56 shows a 
downward trend in alpha 6.5, however. Alpha 6.5 was 
zero for heats at meltdown. Subsequent heats made 
under conditions of heats 50-A through 52 will be made 
at alpha 1 for better accuracy. 





611 


castings made in green sand, when melted under 
similar conditions, will give values of a 6.5 up to 
3.8 cc/100 grams (24 per cent, 68 F). This differ- 
ence in behavior is mainly due to the surface 
condition of the scrap, because the scrap had only 
a small amount of dissolved hydrogen in it. The 
scrap from green sand castings has a thick oxide 
coating because of solidification in a steam atmos- 
phere. Thick oxide skins easily contain enough water 
(adsorbed on as aluminum hydroxide) to give this 
large amount of hydrogen pickup. 

Every attempt to eliminate hydrogen pickup by 
preheating in a gas furnace atmosphere was un- 
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Fig. 6—Two test bars illustrating the range of hydrogen 
contents covered. Most porous is for alpha 8 equals 6; sample 
that appears sound is for alpha 8 equals 2.1. 


successful. When preheated, scrap contaminated with 
cutting fluid gave a value of ag 3.8 cc/100 grams. 
This was found even when impractically long pre- 
heats were used. Clean scrap melted under con- 
ditions of high humidities (78 per cent at 90 F) 
will produce a heat with a large amount of hy- 
drogen, ag = 3.9 cc/100 grams. Also, the data in 
Table 1 on outgassing show that these high con- 
tents will be substantially retained up to 20 min if 
the melt remains stagnant. 

Since ingot metal could be melted with substan- 
tially no hydrogen pickup, it appears that the fur- 
nace atmosphere as a source of hydrogen is not so 
important as the charge itself. Natural gas was used 
in this furnace; another heat source such as an 
induction furnace might well dry the scrap and give 
little hydrogen pickup during melting. 

Hydrogen pickup from mold materials depends 
on several factors: ambient temperature, humidity, 
type of mold material, the mold cavity, and original 
hydrogen content of the melt. Consequently, the hy- 
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drogen contents encountered will vary considerably. 
The pattern design selected was such that a molten 
sample could be dipped from the mold for use in 
the reduced pressure tester. Otherwise, the pattern 
design is arbitrary, and the one used is shown in 
Fig. 7. The sprues used were 4, 12, and 24 in.; 
this was done because a tall sprue causes more 
turbulence and presumably gas adsorption than a 
short one. Shown dotted is a pouring well and a 
blind runner; these were used in some castings to 
by-pass the initial metal which probably contains 
entrapped air. A pouring basin was cut into the 
tapered sprue, and the sprue was tapered 3:1. 
Results are shown in Table 2. Alpha was calculated 
by using a degassed reference sample taken just before 
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Fig. 7 — Drawing of mold used for hydrogen pickup tests. 
Dotted lines show the well and blind runner adopted to in- 
crease accuracy of sampling. 


pouring. Those values of alpha 8 taken from the pat- 
tern without blind runner are erratic; this is because 
initial metal has entrapped air bubbles which will be 
expanded by the reduced pressure, giving erroneous 
values for alpha. The wall and blind runner allow the 
initial metal containing air to be by-passed. The by- 
passing of metal, in this case, does not seem to reduce 
the hydrogen pickup, but it gives a more accurate 
sample by reducing the amount of dross and en- 
trapped air in the sample. The important result is 

that hydrogen pickup from green sand molds is a 

major source of hydrogen; it is more severe at higher 

temperatures and humidities. Techniques for reduc- 
ing the hydrogen pickup from green sand are being 
developed; they should work well for any other com- 
mon molding material. 

Detailed conclusions are not yet warranted, but a 
few general conclusions can be drawn: 

1) Foundries using gas-fired furnaces and melting 
green sand scrap must degas every heat if optimum 
properties are desired. Preheating in a humid at- 
mosphere does not elminate hydrogen pickup from 
scrap. 

2) Providing the metal has been degassed in melting, 
the hydrogen pickup on further handling at ideal 
conditions (70 F, 30% humidity) may be kept low 
enough so that good properties can be obtained. 
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Techniques must be developed to keep a low leve' 
of hydrogen for any conditions. 


C) Techniques for Degassing Aluminum 


The results previously presented in Part B indicate 
that degassing is required for production of high 
quality metal under most operating conditions. There 
is a variety of methods for degassing commercially and 
the relative value of each method is controversial. 
This state of affairs is brought about by information 
which is apparently contradictory, when in fact it is 
due to slight, possibly unknown, differences in operat- 
ing procedures. Part C will show what some of these 
important details are. 

The melting procedures and those for calculating 
alpha were the same as described in Parts A and B. 
Initial high hydrogen contents were obtained by add- 
ing one oz of a proprietary powder; then a variety of 
methods was used to reduce the gas content over a 
period of time. Degassing was done with chlorine, 
nitrogen, and six solid degassing compounds. Gaseous 
fluxing was done by use of a graphite tube perforated 
with 0.036-in. diameter holes. Solid degassers were 
plunged to the bottom of the 35-lb melts by use of a 
small inverted crucible mounted on a steel rod; 14-in. 
holes were drilled in the crucible. All of the degassing 
experiments were done at room temperature about 
70 F and humidities of 62 per cent or less. 

Reduced pressure samples were taken as before; 
sampling must be done with care or particles of 
residues from compounds will be entrapped. These 
residues expand under vacuum, making a very porous 
sample that must be discarded. 

Data are presented in Table 3; Fig. 8 is presentea 
by courtesy of W. A. Schmidt of the M.1.T. Foundry 
Laboratory. Compounds listed A, B, C, D, and E are 
available commercially. These compounds are all 
hexachlorethane base; they differ in that one contains 
salts for cleaning the aluminum, others contain grain 
refiners, and others are straight degassers. As may be 
seen from Table 3, all of these compounds are effec- 
tive in removing hydrogen. It does appear that appli- 
cation of several small additions is better than a large 
application; this is undoubtedly associated with the 
bubble size of the gas evolved by the solid compound. 
Small bubble size is advantageous because for a given 
amount of evolved gas, small bubbles rise slower and 
present more bubble area per unit bubble volume. 

The following precautions must be observed for 
optimum results with solid degassers: 1) Use a clean, 


TABLE 2 — Sources oF HypROGEN DurING CASTING 








Sprue Runner Relative 
Height Width Humidity 
Mold Type in. in. Alpha8 Temperature 
Without Well 4 1 0 24%, 68 F 
and Blind Runner 4 2 0.8 
12 1 0.6 
4 2 0 32%, 71 F 
4 1 13 
12 1 2.0 
24 2 3.6 (alphal0) 46%,97F 
With Well and 4 I 04~0 24%, 68 F 
Blind Runner 12 1 18 
Pattern Shown in 
Fig. 1B 4 - 0.7 30%, 74F 
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A comparison of the degassing properties of oil-pumped ni- 
trogen and chlorine. Single heat of 356 aluminum melted in 
gas furnace. 


As melted, 1460 F. 


Flushed with oil-pumped 
nitrogen, 5 min, 1275 F. 


Flushed with oil-pumped 
nitrogen, 8 min, 1200 F. 


Mezal reheated, 1390 F. 


Flushed with chlorine, 5 
min, 1350 F. 


Flushed with chlorine, 8 
min, 1230 F. 


ke Pe a3 * 3 te 





Flushed with oil-pumped 
nitrogen, 40 sec, 1175 F. 


; 
AR 9 





Note: 40 lb scrap aluminum melted in clay-graphite crucible. 
No moisture traps used during flushing. 

Fig. 8 — These reduced pressure test samples clearly show 
that, under identical operating conditions, chlorine will degas 
a heat of aluminum while oil-pumped nitrogen will add hydro- 
gen to the melt. These data were taken at 70 F and low 
humidity. Operating pressure was 1 cm. (Courtesy of W. A. 

Schmdt.) 


dry plunging tool. 2) Apply them below 1400F. 3) 
Make sure they are plunged to the bottom of the 
melt. In -addition, it has been found none of these 
degassing compounds is hydroscopic; even when 
stored in a wet place, they gave good degassing when 
used. These experiments indicate that the method of 
use, and not the compounds themselves, is responsible 
for erratic results reported by people from industry. 

Selenium has been used to remove hydrogen from 
certain steels; it was found that selenium also will 
effectively degas molten aluminum. Table 3 shows 
that only very small amounts of selenium are re- 
quired. The mechanism for selenium degassing is 
chemical reaction as opposed to the mechanical bub- 
bling action of other solid degassing compounds. 
When selenium is added a vapor is given off and the 
melt is freed of hydrogen; no bubbling action is evi- 
dent. Also, selenium contamination of the melt is 
insignificant; it is less than 0.005 per cent after de- 
gassing. 
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The data in Table 3 and Fig. 8 show that nitrogen 
must be carefully used if any degassing is going to be 
effected. Data in Fig. 8 are qualitative but they do 
show something very interesting; namely, oil-pumped 
nitrogen introduced through a %-in. graphite tube 
into an uncovered melt will actually add hydrogen to 
the melt, even at low humidities. Data in Table 3 
prove that oil-pumped nitrogen introduced through 
0.036-in. holes into a covered melt will give a small 
degassing effect at 15 min. Nitrogen introduced in 
the same way, but first dried in a cold trap will 
thoroughly degas a heat in 15 min (a;g —>» 3.6 to 
0.0.) Data for chlorine degassing also are presented to 
show its superiority to dried nitrogen; in addition, 
chlorine will degas when applied through a %%-in. 
hole into an uncovered melt. 

In conclusion, it may be said that several methods 
of degassing may be used effectively, but in most cases 
precautions must be taken. Chlorine or selenium are 
the most dependable of the degassers; but both have 
the drawback of being highly toxic. From an eco- 
nomic and health standpoint, some other solid de- 
gasser or nitrogen might be better. No method is 
foolproof, and a reduced pressure tester should be 
standard equipment for the consistent production of 
high quality aluminum. 


Summary of Conclusions 


The conclusions arrived at thus far in this research 
will now be enumerated: 


1) The most thoroughly grain refined of these plate 
castings show a distinct loss in tensile properties 
due to the presence of hydrogen. If grain refine- 
ment is not of high quality, small amounts of 
hydrogen (ag = 1.2) will cause a 20 per cent de- 
crease in tensile strength for castings solidifying 
under low temperature gradients. Non-grain re- 
fined castings will have no elongation in the 
presence of small amounts of hydrogen. In these 


TABLE 3 — EVALUATION OF EFFECTIVENESS OF 
SEVERAL DEGASSING METHODS 








Method Alphal0 Alpha 10 
Used (Initial) (Final) Relative Humidity 
Y%ozA > 56 0.44~0 35%, 70F 
loz A > 56 0.64 
2o0zA >75 1.8 
4 oz B >6.6 Ll 45%, 70 F 
loz B >74 14 
2 oz B > 5.7 1.1 
oz C 4.1 1.3 28%, 70 F 
1 oz C 4.1 0.3~ 0 
202 C 42 0.1~0 
% oz D 3.0 23 20%, 70 F 
loz D > 6.0 04~0 
2 oz D 3.3 0.3~0 
%y oz E 3.4 2.0 57%, 70 F 
loz E > 5.0 14 
2o0zE >45 0.3 ~0 
0.09 oz Se >44 06 
0.18 oz Se 2.8 0.0 
Oil Pumped N» | 24%, 70 F 
5 min 14 14 
15 min 14 1.0 
Oil Pumped N2 (dried) 
15 min 36 0.0 78%, 90 F 
Cl2 
5 min >58 0.0 55%, 70 F 
































2) 


3) 


4) 


5) 
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plate castings yield strength is not decreased by the 
presence of any quantity of hydrogen. 

The type of gating and risering system can affect 
tensile properties as much or more than small 
amounts of hydrogen for grain-refined castings, 
due to its effect on thermal gradients during solidi- 
fication and entrapped oxides. 

The void volume of a reduced pressure test sample 
due to the presence of hydrogen has been desig- 
nated alpha. Alpha is, in itself, a convenient and 
sensitive parameter for quantitative comparison of 
hydrogen contents; alpha may be converted into 
units of hydrogen content provided one knows the 
pressure within the voids. 

In commercial practice where grain sizes may be 
encountered, it is essential that every heat be de- 
gassed if optimum properties are desired. Pre- 
heating contaminated scrap in a gas furnace does 
not eliminate hydrogen pickup from the scrap. 
Providing the metal has been degassed in melting, 
the hydrogen pick-up during casting at ideal condi- 
tions (70. F, 30% humidity) may be kept low 
enough to obtain optimum properties. 
Commercially available solid degassers are effec- 
tive when properly used; if improperly used at 
high humidities, they will not give good degassing. 
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7) Selenium in small amounts (0.05 per cent) will 
completely degas a heat of aluminum. Selenium is 
toxic and should be used with care, if at all. 

8) Oil-pumped nitrogen that has been dried by 3 
cold trap is a good degasser. Unless careful tech 
nique is used, nitrogen will add hydrogen t 
molten aluminum. 
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A METALLOGRAPHIC STUDY OF RUPTURES 
IN STEEL CASTINGS 


Jj. B. Caine* 


ABSTRACT 
A metallographic study of ruptures occurring in steel 
castings was made as an aid in diagnosing service and 
processing failures. The results also shed light on the 
fundamental processes causing ruptures, especially high 
temperature ruptures. 


Introduction 

This study had two prime objectives. The first was 
to establish a basis for more precise diagnosis of 
fractures and service failures than unaided visual ex- 
amination. In most cases visual examination is all 
that is necessary, but in some at least confirmatory 
evidence is helpful. Then, many fractures occurring 
in service are so rusted, or battered as to obliterate 
visual details. Microscopic examination is then indis- 
pensable. 

A second objective of this work was to obtain basic 
information as to the mode of the various types of 
fractures. This phase applies mainly to those rup- 
tures peculiar to foundry operations, especially hot 
tears. This phase is now partially complete for cold 
ruptures in wrought steel and one objective of this 
work is to show that the same mechanisms apply to 
cast steel. 

The plan of work was to make as many types of 
fractures as possible synthetically, under known and 


* Consultant, Wyoming, Ohio. 


controlled conditions to serve as bases of comparison. 
Fractures of actual castings obtained throughout the 
Middle West were collected and compared with these 
standards. 

Two types of etchants were used in this metallo- 
graphic study; the standard nital etch, and the other 
was polishing in relief after etching. In many speci- 
mens tiny ruptures were obscured by the detail 
brought out by etching. Polishing in relief after etch- 
ing accentuates these ruptures, leaving the micro- 
structure as a background so the relation between the 
rupture and the structure can be seen. Polishing in 
relief after etching, and then occasionally re-etching, 
accentuates the original cast structure even though 
it has been broken up by cooling through the critical 
range. 

All photomicrographs are of sections at right an- 
gles to the fracture. The fractures were mounted in 
bakelite before polishing. The photomicrographs in 
the text are positioned with the fracture surface, or 
start of the rupture in the upper, or left side of the 
photomicrograph. The black areas are mounting ma- 
terial. 

This study is restricted to carbon and low-alloy 
cast steel and steel castings, heat treated to a hardness 
less than 300 Bhn. High alloy and very hard steels 
introduce complications and not enough examples 
have been studied for presentation. 





Fig. 1A— Typical saw-tooth fracture of a tension test speci- 
men. Nital etch. 25X. 
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Fig. 1B — Same as Fig. 1A, but at 100X, showing extensive 
plastic deformation. Nital etch. 











Fig. 2— Tensile fracture showing low ductility due to alumi- 
num nitride inclusions. Nital etch. 25X. 


Tensile. Fractures 

The fracture most familiar to the steel foundryman 
is the fracture of a tension test bar. A representative 
fracture is shown in Fig. 1. The tensile fracture is 
characterized by the distinctive saw-tooth edge, shown 
in Fig. 1A. At higher magnifications the saw-tooth 
edge is obscured by the small field, but the typical 
elongated grains denoting much plastic deformation 
are unmistakable, as shown in Fig. 1B. The saw-tooth 
fracture and plastic deformation at the fracture itself 
are seen in all tensile fractures regardless of the tensile 
ductility. 

Low tensile ductilities caused by Type II sulphide 
strings, aluminum nitride inclusions and hydrogen 
“white spots” are common in tension-test specimens, 
but rare as a cause of service failure. In most cases 
the metal itself is ductile, the low tensile ductilities 
are caused by what are actually defects. Figure 2 
shows an extreme example. The fracture itself is 
ductile, as in Fig. 1. In this example aluminum ni- 
tride inclusion strings are acting as defects; they are 
opening up after the tensile strength is exceeded and 
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then acting as tiny notches, the same but smaller than 
fabricating defects, or notches due to gross defecis. 

The important difference between these occlude: 
defects and actual ruptures is that they do not actu- 
ally become ruptures in cast steel until they are 
opened up by extensive plastic deformation; this 
does not occur until after the tensile strength has 
been exceeded. A different condition exists for 
wrought steels. Take white spots for example. A! 
though these areas of localized stress due to hydrogen 
drastically decrease tensile ductility, they are virtu 
ally harmless in service, in cast steel. In wrought steel, 
the same white spot may be ruptured during working. 
Then it becomes a physical rupture and potentially 
dangerous, especially in fatigue. 

No more time will be spent on tensile ruptures, for 
they are unimportant as far as serviceability of the 
casting is concerned. The tension test is, in reality, 
a freak. Rupture of a uniform section loaded axially 
in tension is extremely rare in service. The part the 
tension test is supposed to evaluate is seldom uniform 
in section, seldom loaded axially in tension and the 
chances for a combination of these two conditions is 
practically nil. The writer has never seen a service 
failure whose fracture even remotely approached 
those in Fig. 1. He has never experienced a service 
failure due to Type II sulphide strings, aluminum 
nitride inclusions, or to “white spots” causing a frac- 
ture like that shown in Fig. 2. 


Transverse Ruptures 

The next most common fracture to the steel found- 
ryman is that of a transverse rupture when a Casting 
breaks on straightening. If a test bar of known solidity 
and properties is bent as a uniform section there is 
extreme deformation before fracture, especially at the 
beginning of fracture, as shown in Fig. 3A. After the 
initial rupture the section fractures under stress con- 
centration. The fracture is rather straight and shows 
little plasic deformation, as shown by Fig. 3B. Such 
duplex fractures are common and are usually visible. 
Visible to the point that they are often misdiag- 
nosed and the metal is blamed for not being uniform. 

When castings break in straightening they never 





Fig. 3A — Start of unnotched transverse rupture in 1025 steel. 
Nital etch. 25X. 


Fig. 3B — Same as Fig. 3A, but fracture about halfway through 
specimen. Nital etch. 50X. 
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Fig. 4A— Base of visible crack of notched test specimen, 
cracked but not broken transversely; 1025 steel. Polished in 
relief. 25X. 


show the extreme deformation of a uniform section 
test specimen; such castings are straightened and 
shipped. Those that break always do so at a point of 
stress concentration, either microstructural, due to 
design, loading, or at a gross defect. Such ruptures 
can also occur in service. In an effort to duplicate 
these conditions, test specimens of known solidity and 
properties were nicked with a saw, cracked, then 
broken under transverse loading. Figure 4 shows the 
area in one of these specimens at the end of the visible 
crack. The lines extending beyond the visible crack 
are typical of a rupture under transverse loading and 
stress concentration. However, when the same speci- 
mens are broken completely, all evidence of the lines 
in the cracked specimens disappears, as shown by 
Fig. 5. 

It is not known at present if the lines in Fig. 4 are 
ruptures, or strain lines that etch deeper than the 
unstrained metal and therefore look like cracks. How- 
ever Figs. 4 and 5 are distinctive for diagnosis. The 
lines in Fig. 4 are distinctive and have been seen in 
both carbon and low-alloy steels cracked in this man- 
ner. Transverse ruptures to completion under stress 


Fig. 4B — Same as Fig. 4A, but at 100X, showing strain lines, 
or shatter cracks at base of rupture. Polished in reliet. 


concentration, as in Fig. 5, show a jagged outline and 
plastic deformation similar, but not to the degree 
shown by tension fractures as in Fig. 1. The amount 
of plastic deformation, indicated by flowed metal in- 
creases in transverse notched fractures toward the end 
of the fracture. 

It is interesting to note that there is more plastic 
deformation at the fracture in Fig. 5B than in Fig. 3B. 
The initial crack of the unnotched section must be 
more severe than the saw cut in the notched speci- 
mens. One cause of fractures in straightening as-cast 
structure not broken up by heat treatment is shown 
in Fig. 6. Note how the fracture jumps from one fer- 
rite streak to another. This fracture during straight- 
ening of a 5-in. square section is due to the notch 
effect of the ferrite streaks of the original as-cast 
dendritic structure. Heat treatment eliminated the 
breakage. Fractures during straightening are often due 
to a combination of causes. For example a hot tear at 
a junction of sections that in itself causes stress con- 
centration can cause a cold transverse fracture. This 
phase will be discussed later under combination of 
ruptures. 





Fig. 5A—- Notched transverse rupture, same as Fig. 4, but 
completely ruptured; 1025 steel. Nital etch. 25X. 


Fig. 5B —Same as Fig. 5A, but at 100X, showing plastic 
deformation at rupture. 








Fig. 6 — Transverse rupture in straightening due to as-cast 
structure; 1330 steel. Nital etch. 25X. 


The effect of temperature on notched slow bend 
transverse failures and their fractures has not been 
investigated. 


Fatigue Fractures 

This type of fracture probably causes most service 
failures and is the cold fracture most in need of study. 
Almost invariably when a part fails in fatigue the 
metal is blamed. There is no visible deformation and 
the designer is convinced that the metal was brittle. 
In reality metal variables have the least effect on this 
type of fracture. In most cases the part fails due only 
to design or fabrication factors in that a sharp corner, 
tool mark, or too small a fillet caused the stress con- 
centration that is the prime factor in fatigue failure. 
The problem is complicated by the fact that the de- 
signer, or fabricator at fault is usually the customer. 
Metallographic diagnosis in this instance is not only 
useful as a check, but also should help in furnishing 
proof that something besides the metal may be at 
fault. 

The first step is an examination of fatigue frac- 
tures in test specimens of known solidity and proper- 
ties in tension as well as fatigue, as a basis of compari- 
son. Figure 7 illustrates the rupture of a fatigue test 
specimen showing two fractures, the smooth true fa- 
tigue fracture and the ragged transverse fracture 






Fig. 7— General view of a fatigue fracture showing change 
from flat fatigue fracture (left) to ragged transverse fracture 
of final break (right); quenched 8630 steel. Nital etch. 15X. 
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Fig. 8 — Detail of fatigue fracture at 500X, showing possible 
intergranular fracture; normalized 1330 steel. Nital etch. 


caused by the final failure when the cross-sectional 
area became too small to withstand the load. This 
duplex fracture can be seen visually as two distinct 
types of fractures, an appearance universally acknowl- 
edged as distinguishing a fatigue failure. However, it 
seems worthwhile to investigate these fractures fur- 
ther, if for no other reason than to be able to diagnose 
them if they are so battered, or rusted that the 
distinguishing visual appearance is obliterated. The 
example shown in Fig. 7 is from a low-alloy quenched 
steel. The same details hoid for all carbon and low- 
alloy steels. 

Figure 8 shows the fatigue fracture of another fa- 
tigue specimen at higher magnification. Note the 
flatness and regularity of the break. This is typical of 
the start of a fatigue break. Of even more interest to 
the writer is what seems to be a tendency to inter- 
granular fracture. It is not too distinct in this speci- 
men, but perhaps is more so in those to follow. If the 
intergranular nature of a fatigue fracture is estab- 
lished, it will be distinctive and may have theoretical 
significance to fracturing in general. 

As a fatigue fracture is always duplex, the initial 
crack is always flat and possibly intergranular as in 
Fig. 8. The final fracture can occur in two ways. If 






Fig. 9— End of final transverse fracture of a fatigue test 
specimen; annealed 1030 steel. Nital etch. 300X. 
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Fig. 10— Microcracks associated with final fracture under 

extreme stress concentration when initial fatigue crack extends 

completely around section; annealed 1040 steel. Nital etch. 
100X. 


the initial fatigue crack does not extend completely 
around the section, the final fracture will be trans- 
verse as discussed in the previous section and will 
show appreciable plastic deformation, especially at 
the end of the fracture. This is shown by the right side 
of the fracture in Fig. 7. A detail at higher magnifi- 
cation showing extensive deformation is illustrated 
by Fig. 9. If the initial fatigue crack extends com- 
pletely around the section, the final break occurs 
under extreme stress concentration and the fracture 
is like a notched impact fracture as discussed in the 
following section. Occasionally microcracks similar 
to those reported by Jaffee? for similar fractures in 
wrought steel are found in the final fracture, as shown 
in Fig. 10. 

To summarize, fatigue fractures can be distin- 
guished as follows: 

Visually. Two distinct zones of fracture, one flat, 
one crystalline, if fracture is not obscured by battering, 
or rusting. 

Microscopic. A flat zone of the fatigue crack it- 
self. The fracture may be intergranular. If the final 
fracture is transverse, allowing some plastic deforma- 
tion at fracture this final fracture will be jagged like 
a transverse fracture. If the final fracture cannot de- 
form, the fracture will be flatter and may show micro- 
cracks. 

This diagnosis may seem unduly complicated, but 
all features are important, not only because this type 
of fracture is so important but also because the 
broken parts are usually battered and rusted. The 
battering especially can confuse the picture and it is 
necessary to look for small unaltered portions of the 
fracture for the true picture. 

Figure 11 shows the fracture of a service failure in 
fatigue. The casting section was quite large, about 5 
in., and the metallographic details are larger and 
more distinct than in the small fatigue test specimens 
discussed previously. Figure 11A shows a portion of 
the fatigue fracture, close to the start of the break. 
The flat fracture and possible intergranular type of 
fracture are more pronounced now due to the larger 
grain size and larger details in general. Figure 11B 
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Fig. 11A (Top) —Start of fatigue fracture of a 1030 steel 
casting, 5-in. section. Note intergranular path of fracture. 
Nital etch. 100X. 

Fig. 11B (Center) — Junction of fatigue fracture (left) with 
final transverse fracture (right). Note severe plastic deforma- 
tion in final transverse fracture. Nital etch. 100X. 

Fig. 11C (Bottom) — Supplementary ruptures associated with 
main fatigue rupture of Fig. 11A., Intergranular nature of 
ruptures clearly apparent. Nital etch. 25X. 


shows that portion of the fracture at the change be- 
tween fatigue and final transverse rupture. Note the 
elevated ridge and change from unaltered metal of 
the fatigue fracture to plastically deformed metal of 
the final transverse rupture to the right of the photo- 


micrograph. 











Fig. 12 — Intergranular ruptures at base of a heat check in a 
cast steel ingot mold. Nital etch. 100X 


This fatigue failure was due to a sharp fillet made 
in machining.’ The sharp fillet caused all the service 
stresses to concentrate within an area of a few thou- 
sandths of an inch, and there was just not enough 
metal to deform plastically and adjust the part to the 
load. The initial rupture was in pure tension and 
such a rupture may occur intergranular. This initial 
rupture increased the stress concentration at the base 
of the crack causing an increase in the rate of crack 
propagation until the cross-sectional area was de- 
creased to the point that it could not support the 
static load and the final failure was transverse. 

Figure 11C shows two small supplementary rup- 
tures parallel to the main fatigue rupture of Fig. 11A, 
but not connected to it. These ruptures are definitely 
intergranular. 

A point of interest is that all fatigue fractures 
studied to date ignore the dendritic structure of the 
cast metal. 


Heat Checking 
A continuation of the discussion of the possibility 
that fatigue fractures are intergranular brings up heat 
checking. This type of rupture is generally considered 
a type of thermal fatigue due to alternate expansion 
and contraction of the metal. Figure 12 shows the 
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Fig. 13 — Decarburization, no cracking of a cast steel quench- 
ing fixture. Nital etch. 25X. 


base of a large heat check in a cast ingot mold after 
many heatings to about 1600F. Decarburization and 
oxidation have accentuated the paths of the ruptures, 
and they are unmistakeably intergranular. 

It seems that very rapid heating is required to 
cause heat checking. The reverse cycle, slow heating 
followed by rapid cooling, a cycle to which quench 
fixtures are subjected only causes decarburization and 
no cracking, as shown by Fig. 13. Parts such as these, 
when made of carbon and low-alloy steel fail due to 
excess metal removed by scaling and oxidation, not 
by cracking. 





Fig. 14— Typical fibrous impact fracture of an impact speci- 
men broken at room temperature; normalized 1030 steel. Nital 
etch. 25X. 








Fig. 15A— Typical crystalline impact fracture of an impact 
specimen broken at —50 F; normalized 1030 steel. Nital etch. 
25X. 





Fig. 15B — Same as Fig. 15A, but at 100X, showing micro- 


cracks. Nital etch. 
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Fig. 16— Notched impact fracture of quenched alloy cast 
steel, 4-in. section. Polished in relief. 25X. 


Notched Impact Fractures 

This type of fracture is currently receiving much 
attention due to catastrophic failures of welded ships 
and pipe lines. This type of failure, at least in the 
writer’s experience, is rare in steel castings to the 
point that only one service failure has been experi- 
enced. Therefore, most examples are from notched 
impact test specimens that can serve as bases of 
comparison. Then too, this type of fracture has been 
studied extensively in wrought steel by Baeyertz,! 
Jaffee2 and co-workers. This discussion will be limited 
to correlating cast to wrought steel. 

Figures 14 and 15 show typical notched impact 
fractures of a normalized carbon cast steel. Figure 14 
is a photomicrograph of the fracture obtained at 
room temperature. Figure 15A is a photomicrograph 
of the same steel broken at -50F, below the transition 
temperature of this particular steel. The angular frac- 
ture and especially the sharp trapezoidal projections 
are distinctive. These fractures are similar to those of 
wrought steel as reported in References 1 and 2. This 
similarity extends to the microcracks associated with 
brittle, low-temperature fracture, as shown in Fig. 15B. 
The presence of these microcracks should indicate 
brittle fracture below the transition temperature of 


Fig. 17A— Notched impact type fracture due to coarse, as-cast 
structure. Nital etch. 25X. 
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the metal in question. But Jaffee’s finding these mi- 
crocracks in wrought steels broken at as high as -++-60F, 
with high energy absorption for fracture, casts doubt 
as to the validity of this indication. 

Figure 16 shows the fracture of an impact specimen 
cut from a heavy section of quenched alloy cast steel. 
The angular fracture is the same as in carbon steels. 
The independence of the fracture to the dendritic 
structure, as emphasized by polishing in relief, is in- 
teresting. This latter point may be an advantage of 
cast steel for Baeyertz! and co-workers found that the 
reason for the lower transverse impact strengths and 
higher transverse impact transition temperatures was 
due to ferrite bands in wrought steels propagating the 
fracture. The reason this does not hold for properly 
heat-treated cast steel is plain in Fig. 16. The cast 
equivalent of banding, dendritic structure is too con- 
fused and discontinuous to act as paths for the frac- 
ture to follow. 

The only service failure of the notched impact 
type the writer has experienced illustrates the pre- 
ceding points. An alloy-steel cast valve failed in a 
brittle fashion in service. There was no visible notch, 
nor any great impact stress, only hydrostatic stress 
possibly accentuated by hydraulic pound. A micro 
scopic examination explained the failure, as shown 
by Fig. 17. The angular fracture and projection in 
Fig. 17A indicates fracture under stress concentration 
like that of the notched impact specimens of Figs. 14 
and 16. The cause of the stress concentration are the 
thin ferrite bands outlining extremely large as-cast 
grains that act as notches. No microscope was re- 
quired to see these grains; they were about 1 in. in 
diameter. As shown by Fig. 17B, one grain is larger 
than the field, even at a low magnification of 25X. 

Theoretically, the failure illustrated by Fig. 17 is a 
metal failure. Basically, it is a human failure, for the 
casting was not heat treated. The very coarse struc- 
ture in Fig. 17 was broken up by heating to 1625F 
for only 15 minutes. 

Cooling (Quench) Cracks 

Another type of rupture common to all metals are 
those due to stresses imposed by changes in tempera- 
ture. This type of rupture is common to all heat 





Fig. 17B —Same as Fig. 17A. Fracture path through thin 
ferrite envelope around large as-cast grain. 
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Fig. 18 — Base of quench crack synthetized in a test bar of 
known properties; 1330 steel. Polished in relief. 25X. 





Fig. 19 — Base of quench crack in a production steel casting; 
0.50% Mo steel. Polished in relief. 25X. 


treaters of both cast and wrought steels. There is 
nothing unusual in these ruptures as far as steel 
castings are concerned, except certain operations pe- 
culiar to the steel foundry can cause cooling cracks. 
The most common is cracking after shakeout. This 
type of cracking usually occurs in epidemics, often at 
the onset of cold weather. This seems to puzzle most 
foundries. It is always a source of wonder to the 
writer why there are not more shakeout cracks. Even 
SAE 1025 steel, when cast into intricate shapes, shaken 
out white hot, allowed to cool in a pile so that one 
part of the casting cools faster than another, is prone 
to this type of rupture. Stress can be locked up to the 
point that its relief can be explosive. There are at 
least a dozen factors that influence this stress build up 
and relief so that most anything can happen. The 
only practical solution is to cool the castings uni- 
formly enough to be always on the safe side. This is 
seldom done in the foundry. 

Figure 18 shows a synthetic quench crack made in 
a low-alloy cast steel test bar by quenching into too 
cold water to too low temperature. The straight, con- 
tinuous rupture to the end is distinctive. Note the 
independence of the rupture to the dendritic struc- 
ture. This is also distinctive. Visually a quench or 
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Fig. 20-— Quench cracks due to improper flame hardening; 
1335 steel. Polished in relief. 25X. 








Fig. 21— Crack through riser contact caused by improper 
shakeout plus heat shock of torch. Sharp decarburized zones 
may be distinctive. Polished in relief. 15X. 


cooling crack will always crack through a heavy sec- 
tion, or through the whole casting in locations where 
hot tears never occur. 

Figure 19 shows a similar crack in a production 
casting, cracked on shakeout. Figure 20 shows a simi- 
lar crack, except smaller, caused by improper flame 
hardening of a steel casting. The sharp, continuous 
nature is again distinctive. 

There are a number of cleaning room operations 
that can cause cooling, or quench cracks, flame cut- 
ting, flame scarfing and gouging, welding and even 
grinding. The probability of cracking during these 
operations depends on the hardenability of the steel, 
equally on the amount of residual stress locked up in 
the castings coming to these operations. The extreme 
cooling rates possible in these operations are not 
generally appreciated. The microstructures encoun- 
tered at the base of many flame cut surfaces indicate 
that the cooling rates in these areas is greater than in 
water quenching and even in flame surface hardening. 

Figure 21 shows the flame cut surface and a crack 
through a riser contact of a low-alloy casting with a 
hardenability of about 3.5 D,. The crack was caused 
by the flame cutting operation, but the basic cause 
was too much stress in the casting coming to this op- 
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eration. The fracture is sharp, like a quench crack. 
The very sharp decarburized zone next to both the 
flame cut surface and crack may distinguish this type 
of cooling crack. 

Figures 22, 23 and 24 show three ruptures found at 
the base of flame —and arc-cut scarfs made in prep- 
aration for welding. This type of quench crack is far 
from rare and plays hob with welding, to the extent 
that it should be the first suspect when welds crack. 
There are a number of details emphasized by these 
three micrographs that are important enough to war- 
rant detailed discussion. 

Quench cracks at the base of scarf cuts are found 
even in SAE 1030 cast steels with hardenabilities of 
less than 2.0 D,. The rupture in Fig. 22 is exactly 
like the flame hardening cracks shown in Fig. 19, 
except for the decarburized area around the rupture. 
This brings up an important point in diagnosis. The 
casting with rupture shown in Fig. 22 was heat treated 
after the crack had formed and extensive decarburiza- 
tion around rupture was due to this heat treatment. 





Fig. 22 — Cooling crack at base of flame scart cut. Decarbur- 
ized by subsequent heat treatment; 1030 steel. Polished in 
relief. 50X. 





Fig. 24 — Cooling crack at base of scarf cut in 8630 cast steel. 
Polished in relief. 25X. 
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Such decarburization can be expected in practically 
every case when heat treated castings are examined. 
However, the shape and form of the rupture are 
unaffected and still distinctive. The only question 
is why is there so much decarburization? There is 
much more than would be expected from that formed 
in exterior surfaces. The rupture shown in Fig. 23 
also formed in a SAE 1030 type cast steel using one 
of the newer arc-air torches. It is shallower than the 
one in Fig. 22, but this is probably pure chance. 

Figure 24 shows quench cracks under a flame 
scarfed surface of a low-alloy cast steel. The hardened 
zone is martensitic, the tiny cracks are zig-zag and 
follow the martensitic structure. Note that they follow 
the darker, higher carbon areas as accentuated by 
relief polishing. Martensite is quite difficult to obtain 
in a low-alloy steel such as this except with extreme 
quenching rates. 

Figure 25 shows a typical underbead crack in the 
heat-affected zone of a weld in a low-alloy steel. This 
specimen was heat treated after welding before the 





Fig. 23 — Cooling crack at the base of an arc-air scarf cut. 
Crack widened by deep etching; 1030 steel. Polished in relief. 
50X. 





Fig. 25— Underhead crack in hardened zone around weld. 
Base metal (left), weld metal (right). 1330 steel. Polished 
in relief. 25X. 
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Fig. 26 — Base of typical hot tear in 0.20-0.40% carbon cast 
steel. As-cast. Nital etch. 25X. 





Fig. 28 — Complicated hot tear due to confused dendritic 
solidification pattern As-cast 1030 steel. Nital etch. 25X. 


specimen was removed. The heat treatment has de- 
stroyed the original martensitic structure, but the 
zig-zag shape of the rupture indicates that the rupture 
originally followed this structure. There is nothing 
unusual about this type of rupture. It has been in- 
vestigated and discussed many times for wrought 
steels. The use of lime-ferritic type welding rods to 
minimize this type of rupture is standard practice. 

These photomicrographs emphasize an important 
point that is almost universally overlooked in the 
foundry. Application of concentrated heat to a cold 
casting, whether in cutting, scarfing, or welding, 
causes temperature gradients and cooling rates in the 
immediately adjoining metal of greater severity than 
in water quenching. Danger of quench cracking is 
more serious than generally considered. The reason 
that there is not so much trouble at present as these 
photomicrographs seem to indicate is because the 
ruptures are generally tiny. Most are invisible to the 
unaided eye. The ruptures in Figs. 22 through 25 
were invisible; they were discovered by magnetic par- 
ticle testing, or deep etching. More will be heard 
from this type of rupture in the future because in- 
spection has become more precise. 
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Fig. 27 — One side of wide open hot tear in 0.20-0.40% carbon 
cast steel. As-cast. Nital etch. 25X. 





Fig. 29 — Detail of hot tear at 100X showing both sulphide 
inclusions and hot tear in center of ferrite net work. As-cast 
1030 steel. Nital etch. 


Hot Tears 

Before hot tears can be discussed in detail, some 
discussion of dendritic segregation in general is neces- 
sary. Figure 26 shows a typical hot tear. Its shape and 
especially its discontinuous nature is distinctive, even 
though dendritic structure is altered by heat treat- 
ment. When the rupture has torn apart, unruptured 
areas of Fig. 26 project out from the edge of the rup- 
ture and are distinctive, as shown by Fig. 27. Figure 26 
shows a hot tear in the unaltered as-cast metal, when 
the rupture always follows the white ferritic dendritic 
streaks. If the dendritic solidification pattern is con- 
fused, the hot tear is also confused and complicated, 
as shown in Fig. 28. If the dendritic pattern is simple 
the hot tear will be a relatively simple series of 
ruptures in a line, as in Fig. 26. 

This interrelation between the hot tear and the 
white ferrite streaks, as determined by the dendritic 
solidification pattern has many implications. Many are 
beyond the scope of this study, only a few will be 
discussed. The first important point is why hot tears 
always follow the white ferrite streaks in the as-cast 
structure. This ferrite is practically carbon-free iron. 
This interrelation then seems diametrically opposed 
to Bishop, Ackerlind and Pellini’s? findings that hot 
tears occur through the last metal to solidify when the 
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Fig. 30 — Relation between interdendritic shrinkage and white 
ferrite areas at center of a section; 8630 steel. Nital etch. 25X. 


mass is over 95 per cent solid. These findings and the 
phase laws of solidification require that the hot tears 
be associated with high carbon, high metalloid metal 
and they should be associated with metal that etches 
darker than the matrix. 

That the hot tears are associated with relatively 
impure metal, other than carbon in the ferrite 
streaks, can be seen in Fig. 29, a photomicrograph of 
the end of a hot tear. Note the segregation of sulphide 
inclusions in the center of the ferrite streaks, denoting 
a high concentration of sulphur in the liquid. This 
high sulphur concentration must be accompanied by 
a segregation of all metalloids that are soluble in 
ferrite. The sulphide inclusions in Fig. 29 are not 
Type II sulphide strings. They are found in as many 
gross ferrite streaks in silicon-killed steels as in alum- 
inum-killed steels. The freezing mechanism that forms 
these inclusions differs in degree from that forming 
Type II inclusions. The shape factor is now intro- 
duced. Hot tears are usually found at junctions of 
sections and most of the specimens in this section 
have been taken from junctions. The macro freezing 
pattern of the casting itself is causing the segregation 
now under discussion. 

Proof that the last metal to solidify is white etching 
ferrite when cooled slowly to room temperature is 
shown in Fig. 30. This photo shows black inter- 
dendritic shrinkage voids in the upper left, white 
areas of ferrite in exactly the same form towards the 
lower right. The white areas must be the last metal to 
solidify within the dendritic structure. The area to 
the left just ran out of feed metal, hence the voids. 

Evidence indicates that the association of hot tears 
and ferrite in steel at room temperature is due to an 
inverse segregation occurring below the hot tearing 
temperature, probably within the range 2200 to 
1700F. At solidification the white ferrite areas were 
higher in carbon than the matrix and hoi tears form 
through films of this high-carbon liquid. During rela- 
tively slow cooling in a sand mold, carbon is rejected 
from the interdendritic fillings faster than it can dif- 
fuse into the rest of the as-cast crystal. Lines of deeper 
etching, blacker, high-carbon areas form at the edges 
of the ferrite streaks, as shown in Fig. 31A. 
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Fig. 31A (Top) — Carbon rejection to sides of ferrite streaks; 
1030 steel, as-cast. Nital etch. 50X. 

Fig. 31B (Center) — Same specimen as in Fig. 31A reheated 
to 1600 F for 5 min, then air cooled. Nital etch. 50X. 
Fig. 31C (Bottom) — Same specimen as in Fig. 31A and 31B 
reheated to 2100 F for 5 min, then air cooled. Nital etch. 50X. 


The final proof of this inverse segregation is that 
carbon can diffuse back into the ferrite streaks within 
minutes at temperatures below hot tearing tempera- 
tures. Most structures can be broken up and homo- 
genized in minutes at normal heat treating tempera- 











Fig. 32 — Type of hot tear occurring with high temperature 
gradients; 1030 steel, as-cast. Nital etch. 25X. 


tures of about 1600F. A few, particularly those at 
junctions require a higher temperature, but the time 
required is short. Figure 31B shows the same speci- 
men as in Fig. 31A heated to 1600 F for 5 minutes and 
air cooled as a 14-in. section. The structure is partially 
broken up, but the dendritic outlines are still present. 
This specimen is representative of obstinate struc- 
tures. Heating times up to 6 hr followed by water 
quenching did not materially alter the structure of 
Fig. 31B. A short time at high temperature, 5 min at 
2100F in this instance, has broken up the grossly 
segregated structure of Fig. 31A, as shown in Fig. 31C. 

This phase of the study of hot tears has implica- 
tions in the field of mechanical properties as affected 
by casting shape, beyond the scope of this paper. One 
point should be emphasized. One should not become 
unduly concerned about dendritic and inclusion seg- 
regation shown in these photomicrographs. The im- 
portant points are the actual physical ruptures, if 
any. Although the dendritic segregation and inclu- 
sions shown may seem worse than expected in small 
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Fig. 34— Vein, not associated with a hot tear. Note sharper 
torm differentiating a vein from exuded metal of Fig. 33B. 
Nital etch. 25X. 


test specimens of uniform section, they are better by 
a smaller order of magnitude than are found in 
wrought steels. 

Slow cooling rates of large ingots that are the 
bases of wrought steels cause dendritic and inclusion 
segregation much greater than ever experienced ex- 
cept in the largest steel castings. Then, this segrega- 
tion is rolled and forged into streaks (banding and 
flow lines) that make matters worse, notwithstanding 
advertising claims to the contrary. If the banding and 
flow lines line up with a principal stress they can and 
have caused service failure. Cast dendritic and inclu- 
sion patterns are irregular and confused and are 
difficult, or impossible to line up with any kind of 
stress. 

Returning to hot tears, one possible point of con- 


fusion is their dependence on temperature gradients 


prevailing at the time of formation. Their shape is 
influenced but not their association with the dendri- 
tic structure of the as-cast metal. If the temperature 





Fig. 33A — Double rupture of a hot tear occurring under very 

high temperature gradients. Original metal at left. Higher 

metalloid metal and secondary hot tear at right. 1030 steel, 
as-cast. Nital etch. 25X. 


Fig. 33B — Exuded metal associated with double hot tear of 
Fig. 33A. End of hot tear of Fig. 33A at extreme lett. Nital 
etch. 25X. 
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Fig. 35A — Start of a tiny hot tear in a junction of sections 
with low temperature gradients. 1030 steel, as-cast. Polished 
in relief. 25X. 


gradients parallel to the hot tear are large for any 
degree of strain, the hot tear will be carrot shaped, 
tapering sharply to its end, as in Fig. 32. If the tem- 
perature gradients are very steep a double rupture 
may occur with a characteristic filling of the first 
rupture with higher carbon metal and then a possible 
second rupture as shown in Fig. 33A. Many of these 
ruptures are associated with exuded metal, as shown 
in Fig. 33B. This exudation should not be confused 
with the sharper vein, as shown in Fig. 34. Veins 
may, or may not be associated with hot tears. Both 
veins and hot tears form at junctions of sections, but 
seem to be caused by different phenomena. Con- 
fusion can be compounded by veins mechanically 
holding the powder when magnetically testing, giving 
false indications of ruptures. 

A severe type of hot tear occurs under opposite 
conditions, little, if any, temperature gradient. These 
hot tears are often invisible on a cast surface. They 
are characterized by their great length and depth in 
relation to their thickness, as shown by Fig. 35. Such 
hot tears may be inches long and deep and only a 
fraction of a thousandth of an inch wide. In this type 
of hot tear it is impossible to predict its depth from 
its width, or surface appearance. The subcutaneous 
start of this particular hot tear is accidental. A section 
just slightly away from the section shown shows the 
rupture extending to the surface. 





Fig. 36 — Hot tear in a 1010 steel casting. Nital etch. 25X. 


Fig. 35B — End of hot tear of Fig. 35A, 11/8 in. trom start. 
Polished in relief. 25X. 


The hot tears shown in the previous photomicro- 
graphs are all from test castings made under condi- 
tions controlled to the extent that they are repro- 
ducible. Hot tears taken from production castings fall 
into the various groups as just described. The chief 
complicating factors in the diagnosis of hot tears in 
production castings are masking of the original cast 
structure by heat treatment and especially decarbur- 
ization. Traces of the original cast structure can often 
be brought out by polishing in relief. It is probable 
that the discontinuous nature of hot tears will seal 
off the ruptures at the base of the hot tear from the 
furnace gasses and the base will not be decarburized. 
In any case, the shape, especially the discontinuous 
nature, make hot tears distinctive. 

The examples shown have all been of 0.20 to 0.40 
carbon cast steel, because most steel castings are 
poured with metal in this carbon range. Steels with 
less than 0.15 per cent carbon, more than about 0.40 
per cent carbon, do not solidify with the distinctive 
dendritic pattern shown in the preceeding photomi- 
crographs. These low- and high-carbon steels still hot 
tear, although possibly not to the degree shown by 
the intermediate carbon steels. Figure 36 shows a hot 
tear in a 0.10 per cent carbon steel casting. Even 
though the carbon is too low to form a dendritic 





Fig. 37 — Hot tears in weld metal, widened by deep etch. 
Nital etch. 50X. 
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Fig. 38A —Intercolumnar shrinkage extending to the surface 
at a junction of sections; 1030 steel, as-cast. Polished in relief. 
25X. 


pattern the discontinuous nature of the hot tear is still 
distinctive. 

For that matter, hot tears are not confined to 
steel castings. They are quite common in weld metal, 
as shown in Fig. 37. Note the typical discontinuous 
pattern. The welder does not call them hot tears, but 
hot cracks. 

Intercolumnar Shrinkage (Shrink Cracks) 

This type of rupture defect has never (to the 
writer’s knowledge) been discussed, at least in pub- 
lication. The field is far from being completely ex- 
plored, but enough samples have been examined for 
a start. Every steel foundryman is familiar with 
shrinkage porosity and visible shrink cracks occurring 
in unfed fillets and junctions of sections. These gross 
shrinkage defects disappear if the junction is fed, or 
chilled. However, there seems to be no sharp de- 
markation between visible shrinkage and solidity. The 
example shown in Fig. 38 was taken from one of a 
series of test castings and shows one type of shrinkage 
that the writer calls intercolumnar shrinkage. Inter- 
dendritic shrinkage in a line is probably a better 
term, but cumbersome. The intercolumnar shrinkage 
in Fig. 38 was made by partially feeding a junction of 
sections and is reproducible. Shrinkage at this junc- 
tion can be varied from gross shrink cracks to com- 
plete solidity by varying the riser contact and distance 
of riser contact to the junction. 

In all examples studied to date, intercolumnar 
shrinkage, as in Fig. 38A, has always been associated 
with normal centerline shrinkage in the center of the 
section, as shown in Fig. 38B. Elimination of the cen- 
terline shrinkage has eliminated the intercolumnar 
shrinkage. It is logical to assume that the voids in 
Fig. 38A are merely an extension of the centerline 
shrinkage voids in Fig. 38B to the surface due to dis- 
placement of the thermal center to the surface be- 
cause of restricted heat flow at a junction of sections. 

Figure 39 shows similar individual shrinkage voids 
in line, found in the junction of a 4-in. and 11,-in. 
section of a large casting. They were picked up by 
magnetic particle inspection. Note the similarity to 
Fig. 38A. 


Fig. 38B — Centerline shrinkage at center of section, asso- 
ciated with intercolumnar shrinkage of Fig. 38A. Polished in 
relief. 25X. 


Displacement of the thermal center to the casting 
surface can be due to factors other than shape and 
design. Figure 40A shows intercolumnar shrinkage ex- 
tending to the surface of a uniform 14-in. section near 
an unfed gate entrance. Note the peculiar scalloped 
edges of the elongated shrinkage cavities. Again, these 
elongated shrinkage voids were associated with center- 
line shrinkage in the center of the section, as shown 
by Fig. 40B. It is suspected that this type of shrinkage 
is responsible for many instances of extensive mag- 
netic particle indications on large uniform sections, 
particularly if the indications have a web-like appear- 
ance of no definite pattern. 

The voids, or ruptures in Fig. 40A may seem large, 
but they were invisible on the cast surface before 
deep etching. A much smaller defect of the same type 
was distinguished by magnetic particle inspection, as 
shown in Fig. 41. 

Figure 42 shows another cause for displaced center- 
line shrinkage, a small piece of eroded sand causing a 
hot spot. This specimen was found by pressure test- 
ing. This specimen, and others like it, explain, at 





Fig. 39 — Intercolumnar shrinkage in fillet of a large produc- 
tion casting; 8630 steel, quenched. Polished in relief. 50X. 
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Fig. 40A —Intercolumnar shrinkage extending to the surface 
due to metal flow heating the sand wall. 1030 steel, as-cast. 
Polished in relief. 25X. 


least to the writer, why just a minor percentage of a 
lot of castings, all risered alike, will leak on pressure 
test with no pattern to the leaks. The hot spot formed 
by a small piece of eroded sand has shifted the ther- 
mal center locally towards the surface. Note the scal- 
loped edges of the elongated shrinkage voids, a dis- 
tinguishing feature. 
Combinations 

The preceding parts of this paper can be con- 
sidered only an introduction to the subject of fracture 
diagnosis and interpretation. It is hoped that this 
paper will arouse interest in further work. Perhaps 
the most important phase of this subject must be 
glossed over because of insufficient data—combinations. 
In many cases there are two or more types of ruptures 
that finally cause the ultimate failure. The final fail- 
ure can be either in processing or in service. 

The major practical problem in room temperature 
fractures is just this one of combinations. Of particu- 
lar importance is to find the “starter”. Most times a 





Fig. 41— Smaller amount of intercolumnar shrinkage than 
that of Fig. 40A that was distinguished by magnetic particle 
testing. Polished in relief. 25X. 


Fig. 40B — Continuation of intercolumnar shrinkage of Fig. 
40A into area of normal centerline shrinkage. Polished in 
relief. 25X. 


transverse fracture on straightening is initiated by a 
small hot tear, or quench crack and the diagnosis and 
cure are simple when the “starter” is located and 
identified. It is not easy to find, say a small hot tear 
in a large fatigue fracture of 25 sq in. or more in 
cross section, especially if the fracture is scaled, rusted, 
or battered. Establishing that the main fracture is in 
fatigue, or transverse, is relatively simple. 

The main ingredient for successful diagnosis of 
such fractures is patience. Examination at high mag- 
nification of large areas is impractical and visual, or 
low power magnification is usually the only practical 
first approach. Paint, grease or any organic coating 
can be removed by the usual solvents. A light etch 
in dilute hydrochloric acid is useful in removing rust, 
or scale. A 20 per cent solution of ammonium persul- 
phate, swabbed on the part at room temperature is 
useful in accentuating welds, or gross segregation. 
Then magnetic particle examination and, as a last 
resort, deep etching can be used. 

Sampling for microscopic examination is now all 
important. Blind sampling is not only a waste of time 
but will in all probability give erroneous results. If 





Fig. 42 — Displaced centerline shrinkage due to eroded sand. 
1030 steel, as-cast. Polished in relief. 25X. 
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no visual evidence of discontinuities can be found, the 
cardinal rule is to examine all corners and changes 
in section for these areas are the most logical points for 
start of fracture. Then, patience and many samples 
are required. At least the steel foundry metallurgist 
will not have the problem recently presented the 
wrought steel metallurgist of examining a fracture 
almost a mile long. 

The problem of locating the defect is secondary in 
elevated temperature ruptures. Magnetic particle test- 
ing seems more than sufficient. The chief problem at 
present seems to be differentiating the main offender 
in combinations of hot tears and shrink cracks. Many 
times both strain and incomplete solidity are suspect. 
Bishop, Ackerlind and Pellini? have shown that in- 
complete solidity of an aluminum alloy accentuates 
hot tearing. It is probable that the same applies to 
steel. Specifically, are the elongated voids in Fig. 40A 
due entirely to lack of feed metal, or were they 
opened up by strain? Further work is needed. 


Summary 


The various types of ruptures in steel castings can 
be differentiated as follows: 

Tensile fractures, by a ragged, saw-tooth fracture 
and extensive plastic deformation at the fracture. 
Such fractures are rare in service. 

Transverse fractures show microscopic shatter 
cracks or strain lines ahead of the visible crack before 
final fracture. These shatter cracks, or strain lines 
disappear after final fracture. The fracture then is 
ragged, showing plastic deformation, but not to the 
degree shown by tensile fractures. 

Fatigue fractures show a duplex fracture. The very 
flat fatigue fracture itself is possibly intergranular. 
The final fracture is either transverse, as detailed in 
the preceding paragraph, or occurs under extreme 
stress concentration designated by an angular fracture 
possibly showing microcracks, as discussed in the fol- 
lowing paragraph. 

Notel.ed impact (brittle) fractures show a rela- 
tively flat, distinctively angular fracture with angular 
projections. Microcracks may be associated with this 
type of fracture. It is possible that these microcracks 
plus the angularity of the fracture increase as the re- 
sistance to rupture of the metal under stress concen- 
tration decreases. 


Cooling (quench) cracks, are distinguished by 
their sharp, continuous nature, or a zig-zag acicular 
shape, depending on the microstructure in which they 
formed. They also can be distinguished by their loca- 
tion in the part. 

Hot tears are distinguished by their usual discon- 
tinuous nature and by their association with ferritic 
interdendritic metal in the as-cast structure. 


Intercolumnar shrinkage is distinguished by the 
scalloped edges of the elongated voids and their asso- 
ciation with ferritic interdendritic metal in the as-cast 
structure. 

Proof and hypotheses are advanced regarding funda- 
mental mechanisms forming these ruptures, especially 
hot tears and intercolumnar shrinkage. 
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DISCUSSION 


Chairman: Y. E. ZANG, Unitcast Corp., Toledo, Ohio. 

Co-Chairman: J. R. Patton, General Steel Casting Corp.. 
Granite City, Ill. 

B. G. Emmett! (Written Discussion): Mr. Caine is once again 
to be congratulated for increasing our knowledge of foundry 
metallurgy. The information contained in this report will un- 
doubtedly be of great practical value to foundry metallurgists 
who are called upon to determine the causes of service failures 
of steel castings. Usually if one can determine the mode of 
failure the cure becomes obvious. We intend to keep Mr. Caine’s 
photomicrographs readily available for comparison purposes, and 
would like to thank him for making them available for our use. 

The discussion of hot tears was particularly interesting to us. 
especially the tears along the axis of the ferrite envelopes. Mr. 
Caine’s photomicrographs showing the occurrence of sulphur 
in the center of the ferrite could lead to some interesting specu- 
lation as to the effect of this sulphur on the hot strength of 
solidifying steel. We would like to ask Mr. Caine if he has 
positively identified these inclusions as sulphides, and if so, 
would he tell what specific form he found the sulphides to be, 
i.e., aluminum, manganese, or iron sulphide? Were any other 
inclusions found concentrated in this area? 

Were any micro hardness determinations made of these ferrite 
envelopes and if so, how did the hardness compare with that 
commonly associated with ferrite? 

Some very large castings, particularly those cast of medium 
alloy steel, show this ferrite network around the primary crystals. 
The band often being as much as Y%p in. thick and outlining 
crystals as large as one’s thumb. These are the castings which 
are prone to develop large hot tears and also to develop cracks 
that are discernible only with magnetic particle inspection. We 
would like to have Mr. Caine discuss this. For example: Other 
than the fact that this is the last metal to solidify and hence be 
weak at solidus temperatures, is there any reason to believe that 
this envelope forms a weak or non-ductile portion of the struc- 
ture and hence can contribute to the cracking tendency of 
steels at elevated as well as room temperatures. 

We also believe as this article has shown, that unfed sections 
are prone to hot tear and that it is surprising how often cracks 
can be cured by risering castings properly. 

Now that both the Steel Founders Society of America and the 
Naval Research Laboratory have published research reports om 
how to compute the correct size of a riser, together with how far 
it will feed, there is a possibility that as the steel foundries begin 
to use this information we may show a marked decrease in hot 
tears in steel castings. 

Mr. Caine (Author’s Reply to Mr. Emmett’s Discussion): Mr- 
Emmett’s comments are appreciated. The sulphide inclusions 
have been checked according to the procedures of the A.S.M. 
Metals Handbook and found to be manganese sulphide. These 
etching procedures are not sensitive enough to determine if any 
aluminum is present in the inclusions. However, the same in- 
clusion pattern is found in aluminum, silicon and titanium 
killed steels. There are indications of a segregation of phos- 
phorus with the sulphur, but this point has not been estab- 
lished. No micro hardness determinations of the ferrite en- 
velopes were made because of lack of equipment. 

It should be emphasized that the sulphur was not in the fornr 
of the inclusions shown in the photomicrographs at the hot 
tearing temperature. It was rather in the form of a high sulphur 
liquid. As the resistance of any liquid film to rupture is prac- 
tically zero, it is doubtful if the higher sulphur decreases the 
resistance to rupture from the standpoint of strength. The 
effect of sulphur is due to the lower solidus temperature of the 
high sulphur, high metalloid liquid. For any given contraction 
strain the higher the metalloid content, the lower the solidus 
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temperature the longer any hot spot will be subjected to this 
contraction strain and the more susceptible will be the hot spot 
to hot tearing. The effect of high sulphur, within specification 
limits is appreciable and seems about equal to that of an increase 
in pouring temperature of about 100°F above 2800°F. However, 
the effect of high sulphur, within these limits is overshadowed 
by sand collapsibility and especially temperature gradients. 

The writer seconds Mr. Emmett’s comments on the effect of 
proper feeding to not only minimize intercolumnar shrinkage, 
but also hot tears. 

J. F. Wattace:* Can the author provide additional informa- 
tion which he has obtained to substantiate the finding that 
fatigue failure is intergranular in nature? 

Admitting that the hydrogen content and the resulting “white 
spots” has more effect on the tensile ductility than on tne 
impact resistance, can we fail to consider the deleterious effect 
of these spots on the steel casting performance including suscepti- 
bility to quench cracking? 

Will the author provide additional details on the actual 
microstructural phases involved in the rapid change in carbon 
content and presence of ferrite in the interdendritic areas 
through which hot tears occur? How can the author correlate 
the rapid diffusion of carbon from and back to the interden- 
dritic areas with the reported low diffusion rates for this cle- 
ment? 

Mr. Caine: No additional information can be offered on 
the intergranular nature of the fatigue cracks shown other 
than two examples studied after the paper was written which 
have been intergranular. 


There is a possibility that the combination of hydrogen and 
transformation stress effecting quench cracking observed with 
wrought steels is a lesser problem in cast steels. The slightly 
less density of cast steels offers small voids for hydrogen to 
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diffuse into and a lower diffusion pressure. This writer has 
never experienced quench cracking that could be attributed 
to hydrogen similar to that described for wrought steel. 

The rate of carbon diffusion indicated in Fig. 31 is in the 
order of 0.0003 in./min, in the same order of magnitude as 
that in surface carburization and decarburization, especially at 
temperatures over 2000 F. The microstructural phases other 
than those expected from the phase diagram are not known. 
This writer can see no reason not to accept the phases indicated 
by the phase diagram. 

E. J. Wetiauer:* With reference to the statement that “dis- 
continuous cracks occurred,” it is believed that this is not 
correct. Does the author have any proof that this is not limited 
only to one plane? 

Mr. Caine: There is no formal proof that the hot tears are 
not discontinuous in three dimensions. However, the confused 
microstructures associated with the hot tears have never been 
continuous in one plane in hundreds of specimens. As the hot 
tears follow this microstructure unless the series of ruptures is 
pulled wide apart it is probable that the hot tears are dis- 
continuous in three dimensions unless Mr. Wellauer can furnish 
proof to the contrary. 

G. J. Grorr:* How easy is it to rupture liquid-solid interface 
in absence of gas? Have you tried removing a piston from 
hydraulic cylinder without allowing gas (or air) to make up 
change in volume in cylinder? 

Mr. Carine: Mr. Grott’s example presumes that the liquid 
part of the casting is enclosed in an air tight container. A 
sand mold is anything but air tight. 


1. Los Angeles Steel Casting Co., Los Angeles. 
2. Case Institute of Technology, Cleveland. 

8. The Falk Corp., Milwaukee, Wis. 

4. Foundry Consultant, Houston, Texas. 








RISERING OF NODULAR IRON* 


By 


R. C. Shnay** and S. L. Gertsman*** 


Part Il — Effect of Silicon Content on Feeding Distance 


The feeding distances for 14-in., l-in. and 1)4- 
in. semi-circular plates were reported by the authors 
under Part I of this project.1 These determinations 
were carried out with irons having a range of silicon 
content from 2.65 per cent to 3.30 per cent; the 
average being 2.98 per cent. This range of silicon 
content is somewhat higher than that normally en- 
countered in commercial foundries. For this reason, 
further experiments (Part II) were conducted to de- 
termine the feeding distance for similar semi-circular 
plates having a lower silicon content. In addition, 
feeding distances were determined for two silicon 
levels within the range studied under Part I.1 The 
concentrations of the other major elements were held 
reasonably constant. 

Experimental Methods 

Melting and inoculation procedures used in this 
series of experiments were substantially the same as 
those described in the previous report.! Briefly, the 
procedure was to melt a charge of pig iron, wash 
metal and steel scrap in a 500-lb induction furnace. 
The metal was tapped into a teapot-type ladle at 
1450 C (2642 F) and inoculated with a ferrosilicon 
magnesium alloy. A small amount of ferrosilicon was 
added as a post-inoculant. 

The actual pouring temperature at the ladle var- 
ied from 1355 C to 1335 C (2470 F to 2435 F) for 
the %4- and l-in. plates. The 1l4-in. plates were 
poured at 1315 C to 1290 C (2400 F to 2355 F). 
The pouring sequence was statistically randomized 
within each range of pouring temperatures. Since 
each casting was produced in at least three different 
heats, any systematic errors due to variations in pour- 
ing temperature were thus avoided. The plates were 
cast in green sand molds with uncovered risers. 

The combinations of plate thickness and riser di- 
mensions are shown in Table 1. The riser dimen- 
sions were chosen so that there would be little likeli- 





*Published by permission of the Deputy Minister Department 
of Mines and Technical Surveys, Ottawa, Canada. 

**Metallurgist and ***Head, Ferrous Section, Physical Metal- 
lurgy Division, Mines Branch, Department of Mines and 
Technical Surveys, Ottawa, Canada. 
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TABLE 1 — COMBINATIONS OF PLATE THICKNESS 
AND RISER DIMENSIONS 








Plate Thickness, Riser Diameter, Riser Height, 
in. in. in. 
Vo 3 3 
] 4 6 
ly 6 6 





hood of shrinkage occurring in the area_under, or 
immediately adjacent to, the riser. If this type of 
shrinkage was encountered, the casting was rejected. 

One-inch strips were cut through the center of 
each plate and riser. These were radiographed at 
1l% per cent sensitivity. When there was any doubt 
concerning the soundness of a slice, it was deep 
etched. Magnetic particle inspection was also used 
as a check in some cases. The shrinkage was always 
centrally located in the 14- and 1-in. plates. However, 
this was not always the case in the 1l4-in. plates, 
which often had to be completely examined to en- 
sure that the shrinkage was detected. 

The slices were also used to furnish metallographic 
specimens and small solid samples for carbon analy- 
sis.} The chemical analyses for silicon, sulphur, man- 
ganese, phosphorus and magnesium were carried out 
on samples of drillings. These were taken from one 
of the large risers in each heat. The drilling was 
always carried out at least 11% in. from the shrinkage 
area. 

The distribution of carbon contents is shown in 
Fig. 1, and the distribution of silicon contents is 
shown in Fig. 2. The average silicon contents for the 
three ranges were 2.46 per cent, 2.71 per cent and 2.99 
per cent. The overall averages for the other elements 
are shown in Table 2. 


Results 
The results of the feeding distance determinations 
are summarized in Figs. 3, 4 and 5. The medium and 
high silicon ranges (2.60 per cent to 2.80 per cent 
and 2.90 per cent to 3.10 per cent) appear to have 


+A detailed discussion of sampling for carbon in nodular iron 
is presented in the Appendix. 
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Fig. 1 — Distribution of carbon contents. 


TABLE 2— AVERAGE CHEMICAL COMPOSITION 








Element Concentration, % 
RE FE OPE RT 3.45 
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PINE 6.c cawdsae’s wydendnde bea aeenensnedeaD 0.043 
EOD | 00h binpincrevnsthd bn Cie nci bend al balan 0.076 

2.46 
MEE (as'con 09455 tds phasecngiasd tandweubasabate 2.71 
2.99 





equal feeding distances. However, the low silicon 
range (2.30 per cent to 2.50 per cent) consistently 
shows a shorter feeding distance for each plate thick- 
ness. 

Data used to determine the feeding distances for 
l-in. plates were supplemented by some results ob- 
tained with risers of the same diameter but 5 in. 
rather than 6 in. in height. These results were ac- 
tually obtained under Part I of this project. How- 
ever, since every plate was free of under-riser shrink- 
age, this procedure cannot have introduced any ap- 
preciable errors. 

The information used to determine the feeding 
distances is shown in Table 3. In this table shrinkage 
refers only to the center-line type, and each trial 
represents an individual heat. 

The feeding distances were determined at 1-in. 
intervals, since any attempt at greater precision would 
be of little value to the practical foundryman. Every 
reasonable measure was taken to hold the main vari- 
ables constant from heat to heat. However, even un- 
der laboratory conditions it is impossible to control 
all the factors involved in a foundry process. Since 
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the effects of such fluctuations are largely unknown, 
it is only realistic to assume that for any range of 
foundry conditions there exist a number of slightly 
different feeding distances distributed symmetrically 
about some average value. In the present project, 
the value chosen for the feeding distance was the 
closest of the 14-in. levels below the average. 


As an example, consider the determination of feed- 
ing distance for the 1-in. plates in the medium silicon 
range. In three trials of L at 5 in. (L = plate radius- 
riser radius), none of the plates showed center-line 
shrinkage. However, at the next level (L= 51% in.), 
six out of the eight trials resulted in shrinkage. It 
was therefore concluded that the average must lie 
somewhere between these two levels (i.e. between 5 
and 51% in.), and 5 in. was chosen for the feeding 
distance. 

The center-line shrinkage was always well defined 
in the 4- and 1-in. plates. However, the 114-in. plates 
often tended to swell in the regions where center-line 
shrinkage would normally be expected. If shrinkage 
was found in these areas it was usually very fine and 
widely dispersed. However, if the feeding distance 
had been exceeded, center-line shrinkage was found 
on each side of the swell (see Fig. 6) . 


Discussion 

The heats in the low silicon range (2.30 per cent 
to 2.50 per cent) were hypoeutectic, with an average 
carbon equivalent of 4.25. The heats in the other 
two silicon ranges were hypereutectic with average 
carbon equivalents of 4.38 and 4.46 respectively. It is 
worth noting that both of the hypereutectic irons 
consistently showed the same feeding distance, where- 
as the hypoeutectic iron always showed a shorter 
feeding distance. The reason for this could lie in 
the fact that at least the first stage of the solidifica- 
tion process differs widely between hypoeutectic and 
hypereutectic nodular irons. Austenite dendrites are 
the first solid material to form in the hypoeutectic 
irons,4-5 whereas graphite spheroids are the first 
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Fig. 2 — Distribution of silicon contents. 
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Fig. 4— Ettect of silicon content on feeding distance of 
1-in. plates. 
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Fig. 5 — Effect of silicon content on feeding distance of 
1'-in. plates. 


solid material to form in the hypereutectic irons.5 
Apart from this initial difference the solidification 


Fig. 6 — Schematic diagram showing location of swell and 
shrinkage areas in 11/2-in. plates. 


processes are analagous for both types of nodular 
irons. 5,6 

The expansion due to the growth of the graphite 
phase in nodular iron cannot be relieved by the 
movement of liquid metal as is the case in gray iron. 


TABLE 3 — RESULTS OF FEEDING DISTANCE TEsTs* 





Plate radius 


Nominal Silicon Range (%) 














Plate Plate Riser minus 2.30 — 2.50 2.60 — 2.80 2.90 — 3.10 
thick- radius Radius riser radius Number Number Number Number Number Number 
ness, @,). (R,), (L=R,—R,) of trials of shrinks of trials of shrinks of trials of shrinks 
in. in. in. in. (N) (S) (N) (S) (N) (S) 
5 1% 31% 3 0 
lg 5% 1% + 4 4 
6 14% 4% 4 0 8 0 
614 1y% 5 5 5 8 3 
6 2 4 3 0 
1 614 2 41%, 4 4 
7 2 5 3 0 5 l 
7% 2 5% 8 6 4 4 
7% 3 4%, 3 0 
1% 8 3 5 + 4 + 0 4 0 
814 3 5% 6 5 4 4 


*Only the tests 


in the critical range are shown in this table. 
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The graphite flakes in gray iron grow in contact 
with liquid metal, whereas in nodular iron the graph- 
ite spheroids grow in contact with solid material.® 
Furthermore, under conditions of rapid cooling the 
interdendritic feed channels in a nodular iron casting 
may become blocked by carbides.5.6 The expansion 
can then be relieved by plastic flow. This appears 
to have happened in the case of the 114-in. plates 
(see Fig. 6). The swelling occurred regardless of 
whether the iron was hypoeutectic or hypereutectic. 
However, it did not occur in the )4- and 1-in. plates. 
This may have been due to any one or a combination 
of the following factors: 

(1) The use of larger risers and plate radii for the 
114-in. plates effectively decreases the resistance 
of the mold to the ferrostatic pressure. 

(2) The slower rate of cooling in the thicker 
plates produces a weaker skin, which would 
be more susceptible to plastic flow. 

(3) It has been postulated that the solidification 
process is dependent on cooling rate and nod- 
ule number.® Both of these factors can be ex- 
pected to vary with section thickness. 


Conclusions 
1. Variations in silicon content from 2.57 per cent 
to 3.13 per cent do not have any appreciable effect on 
the feeding distance of hypereutectic nodular irons. 
2. Hypoeutectic nodular iron plates % to 11% in. 
thick have a shorter feeding distance than hypereu- 
tectic nodular iron plates of equal thickness. 


APPENDIX 
Sampling Nodular Iron for Carbon Determination 

A recent investigation? has shown that small solid 
samples rather than drillings should be used for 
determining the carbon content of nodular iron. The 
problem of graphite-rich fines is certainly avoided by 
this method, but the problem of carbon segregation 
within the casting itself cannot be dismissed. It is 
well known that the graphite spheroids in a hypereu- 
tectic nodular iron tend to segregate in the upper 
portion of a casting. Carbide segregation has been 
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Fig. A-1 — Diagram showing location of traverse areas. 
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known to occur under certain conditions, and there 
have even been reports of carbon segregation in a 
horizontal direction. 

Small solid samples or “pencils” were used through- 
out this project. The samples were taken so that 
each one represented the complete section thickness 
of the casting. Since the sample was analyzed as a 
whole, segregation in the vertical direction could not 
affect the results. 

The samples were taken from the slices used for 
the radiographic tests. In order to avoid end effects 
or shrinkage areas, the samples were taken about 
1l4 to 2 in. from the end of the slice farthest from 
the riser. 

One of the slices from a heat of hypereutectic com- 
position (carbon 3.48 per cent, silicon 2.61 per cent, 
phosphorus 0.041 per cent) was examined for evi- 
dence of segregation in the horizontal direction. The 
riser portion of the slice was removed, leaving a bar 
1x 114 x8 in. This bar was cut into four slices, which 
are marked A, B, C and D in Fig. A-l. Spectro- 
graphic traverses’ were made within the areas marked 
in the diagram. The sample was moved about 14 
in. during the traverse but the photographic plate 
was held stationary, so that each result represents 
the average carbon content of the traversed region. 
The accuracy of this method is quoted as +7 per cent. 
The results are given in Table A-1. These results are 
stated as relative values with the average composition 
as the reference point. Thus, a value of 0.90 signifies 
that the carbon content of that region is equal to 
90 per cent of the average carbon content for all 
the regions traversed. 


TABLE A-1 — RESULTS OF THE SPECTROGRAPHIC 
‘TRAVERSES 
(Relative Carbon Contents) 

















Distz 
eaten Distance from the Riser End of the Bar, in. 
Upper 
Surface, % 1% % 3% th 5% 6% TH 
\Y 1.04 0.95 0.91 1.03 0.79 0.89 0.90 0.88 
% 1.06 0.94 1.17 1.17 1.05 0.95 095 0.95 
1% 1.19 1.30 105 097 099 1.11 108 0.76 
Averages 1.10 106 1.04 1 06 095 098 0.98 0.90 
a 1.07 . 0.97 0.90 





The averages of the three values at each horizontal 
interval are plotted in Fig. A-2. 

From this plot it can be seen for the purposes of 
carbon analysis, the bar can be divided into three 
regions. First, there is a region originally covered by 
the riser and extending 14 to | in. beyond it. Then 
there is a region apparently unaffected by the riser. 
Finally, there is a portion 4 to | in. from the end 
of the bar which is apparently influenced by the 
end effects. 

Considering the quoted accuracy of +7 per cent 
for this method, the variations within each of three 
regions are not significant. However, the differences 
between them probably are significant. The average 
relative carbon contents for each region are 1.07,, 
0.97 and 0.90, respectively. 

As a further check, samples of the liquid metal 
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were taken just before the inoculation treatment. 
These samples were cast into thin white iron wedges, 
using chill molds. The tips of the wedges were 
crushed and analyzed for carbon and sulphur. The 
results of the carbon determinations are listed in 
Table A-2, along with the results obtained from the 
usual solid samples. 

The average difference between the results from 
the liquid samples (adjusted for the weight of the 
material added by inoculation) and the results ob- 
tained from the regular solid samples is 2.59 per cent. 
This is hardly greater than the normal analytical 
error. However, the fact that all the differences are in 
the same direction (except for the three zero values) 
is a strong indication that this is probably a real 
rather than a chance effect. Furthermore, this dif- 
ference of 2.59 per cent is practically the same as the 
difference between the overall average carbon con- 
tent and the plate region average, as determined by 
the spectrographic traverses. Since the solid samples 
were taken from the plate region, it seems likely that 
the differences between these and the liquid samples 
are mainly due to their original location. 

Schneidewind® and Rehder!® have reported a con- 
sistent decrease in the carbon content of nodular iron 
when inoculated with a high silicon magnesium al- 
loy. Both investigators were of the opinion that this 
was due to the precipitation of kish graphite caused 
by the high carbon equivalent of the metal during 
inoculation. However, on analysis of the data in Ta- 
ble A-2, no apparent correlation could be determined 
between the carbon decrease and the final silicon 
content. The initial carbon equivalent (based on the 
initial carbon content and the final silicon content) 
also failed to show any correlation with the carbon 
decrease. A slight correlation was apparent between 
the computed magnesium loss and carbon decrease, 
but this was of doubtful significance. 
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of bar. 


RISERING OF NopULAR IRON 


Tasie A-2 — CoMPARISON OF THE Two 
SAMPLING METHODS 


%, Carbon from % Carbon % Initial % Mag- 
liquid sample fromthe Decrease carbon Silicon nesium 








Heat Initial Adjusted solid in equiva- loss 
No. value value(a) sample carbon lent (b) Final (c) 

2470 «= 3.55 3.40 3.30 2.94 4.36 240 0.084 
2743 8=3.65 3.50 3.35 4.29 4.63 2.88 074 
2746 3.45 3.30 3.30 0.00 4.13 2.31 0.71 
2761 3.60 3.45 3.35 2.90 4.50 2.64 .079 
2763 3.65 3.50 3.47 0.86 4.53 2.59 083 
2766 3.48 3.34 3.33 0.33 4.33 2.51 084 
2768 3.85 3.69 3.48 3.95 4.76 2.66 .092 
2770 383.85 3.69 3.65 0.92 4.60 2.50 094 
2773 3.80 3 64 3.41 0.83 4.86 3.11 059 
2774 3.65 3.50 3.50 0.00 4.48 2.45 088 
2777 +=—3.90 3.74 $.57 6.14 4.81 2.68 094 
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2798 3.70 3.54 3.53 0.28 4.38 2.49 087 


(a) Adjusted to allow for the weight of metal recovered from 
the inoculants. 

(b) Computed on the basis of the initial carbon, final silicon 
and final phosphorus contents. 

(c) — loss = % Mg added — Residual Mg — sulphur 
Oss. 
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G. A. CoLican:! In the case of the 114-in. plates which ex- 
hibited swelling, have you attempted to pour these plates in 
dry sand where mold hindrance would minimize if not eliminate 
the swelling? What effect would you expect this change in mold 
condition to have on the feeding distance in dry sand? 


1. General Electric Co., Schnectady, N. Y. 
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R. C. WiiiiaMs:* When you refer to feeding distance, do you 
mean the distance from the center of the riser or from the edge 
of the riser? 

Mr. SHNAY (Authors Reply to Mr. Colligan and Mr. Wil- 
liams): We have not investigated the swelling phenomenon in 
dry sand molds. It would seem reasonable to expect that the 
increased mold rigidity would decrease the amount of swelling. 


2. Battelle Memorial Institute, Columbus. Ohio. 
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In the case of the one and one-half inch plates the center-line 
shrinkage did not appear in the region of the swelling, and it 
is difficult to predict how the feeding distance would be 
affected by the use of dry sand molds. 

Throughout our work we have used the term “feeding dis- 
tance” to mean the distance from the edge of the riser to the 
edge of the largest casting which can be produced free of 
shrinkage. 








NICKEL AUSTENITIC DUCTILE IRONS 


By 


F. G. Sefing* 


The discovery by Millis, et alt of additions of mag- 
nesium to gray iron causing the graphite to be spheru- 
litic as cast, resulting in marked improvement in 
mechanical properties, applies as well to austenitic 
nickel cast irons. Because of the austenitic matrix of 
these cast irons, however, the ranges of strength and 
toughness, etc., with spheroidal graphite are generally 
different from the corresponding properties of the 
ferritic, pearlitic, acicular or martensitic spherulitic 
graphite irons. The scope of this paper is to present 
some of the properties of the nickel austenitic ductile 
irons. 

This new group of austenitic irons offers a com- 
bination of properties in high strength and toughness 
with resistance to heat, corrosion and rubbing wear, 
of interest to many industries. In addition, these alloys 
have excellent castability, machinability and other 
manufacturing advantages, so that they are being man- 
ufactured today for industrial service into parts often 
impractical to make in other ferrous alloys. Several 
thousand tons of these irons have already been pro- 
duced commercially. The properties reported here are 
from commercial and laboratory data. The test speci- 
mens were taken from: (a) commercial castings, (b) 
l-in. keel bars, and (c) 2-in. keel bars. 

Nickel austenitic ductile irons comprise a group of 
magnesium-containing cast irons with spherulitic 
graphite containing up to 24 per cent nickel, usually 
with appreciable amounts of manganese and chrom- 
ium. This group of highly alloyed ductile irons have 
markedly higher strength properties and toughness 
levels than the conventional flake graphite irons with 
the same range of nickel, chromium and manganese 
contents. 

The range of composition of these austenitic ductile 
irons is given in Table 1. Alloy no. 1 is an austenitic 
nickel ductile iron for special properties for use at or 
below 1000 F. Alloy no. 2 is similar in alloy content 
to a commercial Ni-Cr cast iron with flake graphite, 
whose properties are included in these tables for com- 








*Development and Research Division, The International 
Nickel Co., Inc., New York City. 
t U.S. Patent No. 2,485,760, and “Ductile Cast Iron,” by Gagne- 
bin, Millis and Pilling, Iron Age, Feb. 17, 1949. 
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parison. Except for the magnesium content and the 
resulting spherulitic graphite, no. 3 is similar in com- 
position to commercial flake graphite iron. With the 
retention of effective amounts of magnesium to these 
compositions, many of the properties can be materi- 
ally improved. 

It is to be noted that the combination of nickel, man- 
ganese and chromium varies in these three alloys to 
assure of austenite stability, at least to about —100 F. 
The combination of nickel and chromium with mini- 
mum manganese is particularly useful in improving 
the resistance to heat and corrosion and is discussed 
later. The maximum carbon content depends gen- 
erally upon the saturation of carbon in these high 
nickel ductile irons. Although phosphorus can have 
embrittling effects on all ductile irons, the nickel 
austenitic types appear to be less sensitive to these 
effects and thus can tolerate up to about 0.2 per 
cent P without appreciable hardening or embrittle- 
ment. It is conceivable, however, that certain end 
uses may require a maximum of 0.05 per cent P. 


Microstructure 

The microstructures of austenitic ductile irons con- 
sist of an austenitic matrix with spherulitic graphite 
and varying amounts of carbides, depending upon the 
amount of chromium and manganese in the alloy. 
These typical structures are shown in Figure 1. The 
structure of a flake graphite austenitic iron is in- 
cluded for comparison. 


TABLE 1 — CHEMICAL ANALYSIS RANGE OF AUSTENITIC 
NICKEL DucTILe IRONs* 





Commercial 





Ni-Cr 

Alloy No.1 Alloy No.2 Alloy No.3 Cast Iron 
Total Carbon 2.40- 2.85  2.40- 3.00 2.70- 3.30 2.40- 3.00 
Silicon 2.00- 3.00 2.00- 3.00 2.00- 3.00 1.00- 2.50 
Manganese 1.80- 2.40 0.80- 150 6.00- 8.00 0.80- 1.50 
Phosphorus 0.10 Max. 0.20 Max. 0.20 Max. —_— 
Nickel 21.00-24.00 18.00-22.00 10.00-12.00 18.00-22.00 
Chromium 0.5 Max.  1.75- 2.50 — 1.75- 2.50 
Magnesium 0.05- 0.15 0.05- 0.15 0.05- 0.15 _— 


*Numbers given these particular alloy compositions are used 
only for the purposes of this paper. 
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Fig. 1 — Microstructure of nickel austenitic iron (Mag. X 100). 


Nickel austenitic ductile iron, O% 
Cr, as sand cast. 
chromium on 


Nickel austenitic ductile iron, 2% 
Cr, as sand cast. 
increasing 


(Note effect of 
the car- 


bides.) 


Foundry Practice 

In the foundry, these austenitic ductile irons are 
being handled, except for the magnesium addition 
process, with about the same practice regarding melt- 
ing, pouring, gating and feeding as has been used for 
making the corresponding alloyed irons with flake 
graphite. The pattern shrinkage, for example, is nearly 
the same for these austenitic irons whether finishing 
as flake graphite or spherulitic graphite. Of course, 
none of these austenitic irons is handled in the foundry 
the same as plain or low alloyed ductile irons. 

Commercial practice has shown that these nickel 
austenitic ductile irons have a high degree of casta- 
bility. This property is being utilized in founding 
high quality parts impractical to make in any other 
ferrous alloy. 

Properties 

The data of Tables 2 and 3 show the mechanical 
and physical properties of these commercial austenitic 
nickel ductile irons in the as-cast condition. About 75 
per cent of the data is from 1-in keel bars and about 
25 per cent is from castings. The conventional prop- 
erties of one of the well known flake graphite types 
of austenitic irons are also shown for comparison. 
Although the strengths of these irons with an austeni- 
tic matrix are generally twice those of the corres- 
ponding flake graphite irons, the elongation and 
toughness, however, in the as-cast condition are main- 
tained at relatively high minimum levels.“In alloy 
no. | with 0 per cent Cr and about 2 per cent Mn, the 
elongation and impact toughness are about twice those 
of alloy no. 2 or 3. 

Because of the austenitic matrix, the yield and ten- 
sile strengths, proportional limit and modulus of elas- 
ticity are relatively low compared with the ferritic, 
pearlitic, acicular and martensitic ductile irons. The 
elongation and impact toughness, however, of the aus- 
tenitic types in the as-cast condition average higher 
than in the other types uf ductile irons. 





Flake graphite commercial Type 2 


Ni-Resist, as cast. 


TABLE 2 — MECHANICAL PROPERTIES OF AUSTENITIC 
NICKEL DuctTILe [RONS 
As Cast Properties from Castings and 1-in. Keel Bars 








Alloy Alloy Alloy 
No.l No.2 No.8 Flake 
0%Cr 2%Cr 0%Cr _ Graphite 
22%, Ni 20% Ni 10% Ni Commercial 
2% Mn 1%Mn 8%Mn Ni-Cr Iron 
Tensile strength 
range, psi 54-65000 55-69000 48-60000 25-35000 
Yield strength range, 
psi, 0.2% offset 30-35000 32-36000 30000 _ 
Elongation, %in2in. 20-40 8-20 5-10 1-3 
Proportional limit, psi 12-16000 11-18500 _ _ 
Modulus of elasticity, 
psi x 10-6 15.0 16.5-18.5 - 15-16.2 
Hardness, Brinell 130-170 140-180 140-180 130-160 
Impact toughness, 
Vee notch, ft-lb 28 12 15-20 - 
Shrinkage, in. per ft 0.215 0.23 
Relation between 1-in. and 2-in. keel bars of No. 2 alloy 
1 in. 2 in. 
Tensile strength, psi 60500 54500 
Yield strength, psi, 0.5% offset 35100 34250 
Elongation, % in 2 in. 18.5 15 





TABLE 3 — PHYSICAL PROPERTIES OF AUSTENITIC 
Nicket DuctitLe IRONS 








Alloy Alloy Alloy 
No. 1 No. 2 No. 3 Flake 
0%Cr 2%Cr 0%Cr Graphite 
22%, Ni 20% Ni 10% Ni Commercial 
2% Mn 1%Mn 8%Mn Ni-Cr Iron 
Specific gravity 7.4 7.41 _ 7.3 
Density, lb per cu. in, 0.268 0.268 = 0.264 
Thermal expansion: 
Millionths per °F 10.0-10.5 10.4 — 10.4 
Millionths per °C 18.0-18.9 8.7 - 18.7 
Electrical resistivity, 
Microhms per cubic 
centimeter - 102 95 140 
Magnetic permeability 
H=300 at room temp. 1.03 1.02-1.04 1.03 1.03 
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It has been found commercially that with finely 
divided carbides resulting from rapid freezing in, 
e.g. metal molds, followed by a heat treatment at 
1700-1900 F, the strength properties are increased 
over the sand-cast properties as shown in Table 4. 


TABLE 4 — EFFECT OF FINE CARBIDES ON STRENGTH 
AND TOUGHNESS 
Metal Mold Data from Commercial Castings 


Metal Mold 
Reheated to 1850F 








Sand Cast and cooled in air 
Tensile strength, psi 55000-69000 75900-83500 
Yield strength, psi. 
0.2% offset 32000-36000 42500-46200 
Elongation, % in 2 in. 8-20 13.5-30 
Brinell hardness 140-189 165-190 





Heat treatment associated with producing these prop- 
erties is discussed later in the paper. In a series of 
heats at one plant making alloy no. 2 in metal molds, 
the properties ranged 25 per cent higher than the 
corresponding range for sand-cast metal. Finely di- 
vided carbides of these irons are illustrated in Fig. 2. 
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Fig. 2— Microstructure of metal-molded, centrifugally-cast 

cylinder showing fine carbides. Compare with Fig. 1 (Center). 

Note how many of the carbides are spheroidized following a 
high temperature anneal at 1900 F. Mag. — 100X. 


Machinability of the nickel austenitic ductile irons 
is affected somewhat by the amount of carbides pres- 
ent, which is also reflected in the higher hardness. 
At the lowest hardness and with, of course, only a 
few carbides, the machinability is quite similar to 
that of the ferritic ductile irons of the same hardness. 
As the carbides increase, the hardness increases and 
the machinability is impaired, more noticcably if the 
hardness would be in excess of 200 Brinell. In the 
usual hardness range of 140-180 Brinell, the machin- 
ability is about the same as the graphitic austenitic 
Ni-Cr iron with the tool grinds, speeds and feeds rec- 
ommended for machining austenitic irons. 


Special Properties 
Because these alloys exhibit unusual properties 
such as non-magnetic response, resistance to heat or 
corrosion, high thermal expansion, etc., their improve- 


NICKLE AUSTENITIC DucrILE IROnNs 


ment in strength and toughness portends extended 
use in the process industries, furnaces and power 
units. Some examples of these special properties are 
given in Tables 3, 5 and 6. 


TABLE 5 — ELEVATED TEMPERATURE PROPERTIES OF 
AUSTENITIC NICKEL DucTILe IRONS 
Effect of Chromium and of Graphite Form 
Flake 
0% Cr 2.36% Cr Graphite 
20.65% Ni 20.48% Ni Commercial 
1.96%, Mn 1.15% Mn_ Ni-Cr Iron 








Tensile strength, psi 


Room Temp., F 62200 59400 28000 
1000 _ 47750 17000 
1200 28000 35600 _ 

1400 _ 22150 7500 


Stress rupture, psi, 
After 1000 hr at: 
1000F = 30000 10000 
1200F 8500 12000 4000 
Resistance to oxidation 
at 1300F. Rate of 


oxide penetration in 
in. per yr. 0.07 0.042 0.067 





TABLE 6 — CorROSION RESISTANCE OF AUSTENITIC 
NICKEL DucTILE IRONS 
Expressed in inches penetration per year (i.p.y.) 
Alloy Alloy 
No. 1 No. 2 Flake 
0% Cr 2% Cr _ Graphite 
22%, Ni 20% Ni Commercial 
2% Mn 1%Mn Ni-CrIron 








Sea water at 26.6C (80F) 
Velocity 27 ft per sec, 
60 day test 0.039 
Brine: 0.15% NaCl, 9% NaOH, 
% NaoSO,, 3134 days,at 180F 0.0028 0.0015 0.0025 
Sodium hydroxide: 74% NaOH, 
1934 days, at 260F 
Sodium hydroxide: 50% NaOH, 
10 days at 260F, 
4daysat 70F 
Tap water aerated at 30F, 
Velocity 16 ft per min, 28 days 0.0015 0.0023 0.0045 
Phosphoric acid, 85%. aerated at 
30C (86F) Velocity 16 ft 
per min, 12 days 0.213 0.235 0.087 
Sulfuric acid, 5%, at 30C (86F) 
aerated, Velocity 16 ft 
per min, 4 davs 0.120 0.104 0.112 


0.018 0.016 


0.005 0.0056 0.006 


0.0048 0.0049 0.0046 





It is to be noted that generally the corrosion and 
heat resistance of the spherulitic graphite alloy no. 2 
is slightly improved over that of the corresponding 
flake graphite alloy type of iron, except in the case 
of phosphoric acid. 

The mechanical properties of alloy no. 2 with 2.3 
per cent Cr at elevated temperatures, 1000 and 1200 F, 
are better than those of no. 1, with zero chromium, 
and better by three times than the conventional flake 
type nickel alloy iron. The resistance to oxidation 
of alloy no. 2 is appreciably better than that of no. 1 
or the flake type iron. See Table 5. 

From the corrosion data in Table 6, it is seen that 
only in tap water is there any indication of advantage 
for the zero chromium alloy no. 1, while in sea water, 
and possibly in sulphuric acid, the 2 per cent Cr 
alloy no. 2 shows lower corrosion rates than alloy 
no. l. 
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Heat Treatment — Annealing 

The properties indicated in Table 2 and the struc- 
ture of Fig. 1 are commonly obtained in sand cast- 
ings in the as-cast condition with no heat treatment 
whatever. Annealing at 1700-1900 F usually affords 
some carbide decomposition with a decrease in hard- 
ness of 10 to 40 points Brinell, depending upon the 
length of time at temperature up to 5 hr and whether 
the highest temperature is used. Annealing at the 
lowest temperature (1700 F) generally has no prac- 
tical effect on the yield and tensile strength and the 
elongation. If, however, a long time at the highest 
temperature is used, some carbide is decomposed and 
the remainder spheroidized so that the strength will 
increase about 10 per cent and the elongation about 
10 per cent greater than the as-cast properties. When 
the amount of carbides is excessive, as may occur in 
light sections — less than 14 in. thick — or may result 
from the use of metal molds, the anneal at 1800- 
1900 F is useful in producing a decrease in hardness 
to 190 Brinell or less. This treatment not only affords 
some breakdown of the carbides, but also spheroidizes 
or balls up much of the remaining carbide, resulting 
in better machinability. 

Annealing austenitic ductile irons at 1700-1900 F 
so that some of the carbides are decomposed and the 
remaining carbides are spheroidized, the tensile 
strength will be increased by 5,000 to 20,000 psi and 
the elongation increased 5 to 10 per cent. The high- 
est values are obtained when the grain size or carbide 
particle size is the smallest, as, e.g., when using metal 
molds. See Table 4 and Fig. 2. 

Heating to 1150-1250 F, followed by uniform air 
cooling, is desirable for the removal of about 90 per 
cent to 100 per cent of the locked-in casting or ma- 
chining stresses. The removal of these stresses is im- 
portant for a number of reasons generally recognized 
by industry. This stress relief heat treatment has no 
effect metallurgically on the austenitic nickel ductile 
irons, and their physical properties remain appre- 
ciably unchanged. 


High Temperature Quenching 

Heating to 1700-1850 F and water or oil quenching 
causes an increase of all the tensile propertics and 
elongation with no great change in the hardness. See 
Table 7. The reason for this improvement in tensile 
and toughness properties is because at these elevated 
temperatures there is greater solubility for carbon 
by the austenite, which is prevented from precipitat- 
ing during the rapid cooling in the quench. This 
increase in carbon content of the austenite does not, 
however, change the hardness of the metal more than 
about 15 points Brinell, as shown in Table 7. 


TABLE 7 — QUENCHING FROM HIGH TEMPERATURES 
Austenitic Nickel Ductile Iron: 2% Cr, 20% Ni, 1% Mn 








Water 
Quenched 
As Cast from 1800F 
Tensile strength, psi 64,500 79.250 
Yield strength, psi, 0.2% offset 33,400 40,900 
Proportional limit, psi 11,600. 27,400 
Elongation, % in 2 in. 20 24.5 
Hardness, Rockwell B 86 87 
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Alloy no. 2 with 1.75-2.50 per cent Cr offers ex- 
cellent service possibilities where resistance to corro- 
sion, metal-to-metal wear, and heat applications in- 
volving erosion of salts, wet steam and corrosive slur- 
ries are encountered. It has been applied in pump 
cases and impellers, engine liners, supercharger parts 
and furnace castings, giving the service indicated. In 
fact, its good castability has already been utilized in 
replacing some of the corrosion-resisting alloys more 
difficult to handle in the foundry. Obviously, for 
special purposes such as high expansivity and non- 
magnetic response, alloys no. 1 and 3 are suited, but 
their usefulness is limited to such special services. 
Alloy no. 2 also has these special properties to about 
the same degree and has been used for these pur- 
poses. No. 2, therefore, can be regarded as the most 
widely useful of these nickel austenitic ductile irons. 
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DISCUSSION 

Chairman: A. Boy.es, U. S. Pipe & Fdry Co., Burlington, N.J. 

Co-Chairman: C. R. McGrait, Alamo Iron Works. San Antonio. 

R. W. Linp.ay! (Written Discussion): The paper by Mr. Sefing 
was of interest to the reader from two points of view: (1) Be- 
cause of the commercial importance and applications of these 
irons as set forth in the paper; and (2) because of its value in 
teaching the fundamentals of the physical and mechanical metal- 
lurgy of cast iron. It serves as a clear-cut example of the influ- 
ence of graphite shape and matrix structure on the mechanical 
properties of cast irons containing graphite. The paper also 
serves to direct attention to certain matrix changes with respect 
to carbides as accomplished by the heat treatment of cast iron. 

H. H. Wivper2: What are the welding characteristics of the 
spheroidal austenitic irons vs flake type irons? 

J. T. MacKenzie3:; Have you done any work on stress corrosion? 

V. A. Crossy4; Do you have an explanation of the corrosion 
resistance of the flake graphite Ni-Cr iron as compared with the 
nodular Ni-Cr iron. 

D. F. Runpie5; Is there any data available on the wear char- 
acteristics of austenitic ductile iron as compared with your com- 
mercial Ni-Cr iron or gray irons? 

Mr. SEFING (Author’s Closure): Austenitic ductile irons with 
very few carbides, or with well dispersed carbides which show 
elongations in excess of 25 per cent may be welded by practices 
close to those used when welding steel and with suitable alloy 
welding rods (Fig. 1 center). There is little or no hardening of 
the heat affected zones. 

With elongations of 8-20 per cent usually obtained with the 
2 per cent chromium sand cast austenitic ductile irons, the 
weldability is of the same order as that of the flake graphite 
types of austenitic irons. 

Work is in progress to study stress corrosion cracking and 
it will be at least another year before these results are available. 

From data on about 30 different corrosive exposures, it 
appears that corrosion resistance is about the same in most 
acids, alkalies and salts for both flake graphite and spheroidal 
graphite austenitic irons with the same chromium content. The 
only exception in this similarity to date is in phosphoric acid. 

Some engine liners of austenitic irons showed same rate of 
rubbing wear as corresponding alloy analysis in flake graphite 
austenitic irons. Wear properties of austenitic ductile irons suit- 
ably worn in are superior to wear properties of gray irons. 
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LOAD CARRYING POWER OF 
MOLDING SANDS 


By 


H. W. Dietert*, F. S. Brewster**, and A. L. Graham? 


ABSTRACT 

The authors discuss means of obtaining practical in- 
formation from stress-strain diagrams of molding sands 
and show how yield compression, yield deformation and 
modulus of plasticity may be changed by a change in 
moisture, percentage of bond, grain size and use of addi- 
tives. Description of a new sand test is given which 
measures the load carrying power of a sand. 

The load carrying power of a sand is correlated to 
the soundness of castings. The better the load carrying 
power of a sand the less the tendency toward shrinkage 
in the casting. 


Introduction 

The intent of this paper is to convey to foundry- 
men useful information pertaining to the manner in 
which sand will move under an applied load. The 
movement of the sand as load is applied by the weight 
of molten metal in a mold may be sufficient to en- 
large the mold cavity to a point where the molten 
metal is not held in a compact mass as it solidifies. 
The sand should have a limited movement or defor- 
mation to insure that the molten metal will solidify 
in a solid mass free from internal porosity or shrinks. 

The mold wall movement depends upon the ability 
of the sand to carry a load without deforming exces- 
sively, that is, tending to rapidly move away from the 
load. Better foundry practice requires one to study in 
detail how sand moves or deforms when a load is 
applied. 

The first approach to a better understanding of 
this subject is to examine the stress-strain diagrams 
of sands. These diagrams show how sand deforms 
with a uniformly increasing load. 

The second approach in obtaining more information 
on the subject matter is to examine the manner in 
which changes in moisture, grain size, clay content, 
sea coal, cellulose materials, ramming and green hard- 
ness will change such items as yield strength, yield 
deformation, ultimate deformation and modulus of 
plasticity. This will give a base useful to exercise con- 
trol over deformation of production sands. 

The third approach is to study the correlation be- 
tween the load carrying power of molding sands and 
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shrinkage in or on castings. Such information should 
aid one in the control of mold wall movement where- 
by sounder castings may be produced. 


Sand Movement With Increasing Load 

The AFS rammed sand specimen may be used to 
obtain information on how a sand will carry a load at 
the mold surface. The rammed sand specimen is placed 
in a strength machine that is equipped to measure 
and record the shortening or deformation of the speci- 
men as the load increases. The graph drawn by the 
strength machine is called a stress-strain curve (Fig 1) . 
The stress is the compressive load in psi while the 
strain is the deformation in inches per linear inch. 
The shape of this curve usually varies for different 
sands. Knowing what each part of the curve shows is 
useful in the production of quality castings. 

For many sands the stress-strain curve is a straight 
line or comparatively so, in that as the load is in- 
creased by equal increments, the sand deforms by 
equal increments. This region of the stress-strain curve 
is called the proportional range, Fig. 1. A long pro- 
portional range is a good attribute in that the mold 
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Fig. 1 — Stress-Strain Curve of a Molding Sand 
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Fig. 2 — Stress-Strain Curves Influenced by Moisture 
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Fig. 3 — Ultimate and Yield Deformation Infiuenced by 
Moisture 


wall will move with restraint over a wide mold wall 
loading. - 

At the upper end of the proportional range is the 
yield strength and yield deformation, Fig. 1. A sand 
in a mold should never be loaded beyond the yield 
strength for a given green hardness. 

When loads beyond the yield point are applied the 
mold wall movement will accelerate causing a quick 
mold volume enlargement. The remedy is to increase 
the length of the proportional limit region of the 
stress-strain curve by increasing green hardness or by 
a change in sand composition. _ 

The part of the stress-strain curve above the yield 
point may be called the accelerated range. In this re- 
gion the. sand has poor load carrying power. 

The maximum load that the sand will carry at 
point of collapse is called the ultimate strength, Fig. 1. 
At this point is found the ultimate deformation often 
used in defining the plasticity of a sand. 
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A value which has aided engineers greatly in evalu- 
ating the load carrying power of metals is the modu- 
lus of elasticity: The load in psi is divided by the 
strain in inches per inch of length. 

For molding sand it is proposed to use a similar 
factor termed “modulus of plasticity.” Modulus of 
plasticity of molding sand is a measure of rigidity of 
the sand and may be used to express the load carry- 
ing power of sands in that it is the ratio of stress 
to strain at any load below the yield point. The modu- 
lus of plasticity increases as the sand becomes more 
rigid. The more rigid a sand the steeper or greater the 
angle of stress-strain curve. As the angle increases the 
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Fig. 4— Ultimate and Yield Deformation Unaffected by Per- 
centage of Bentonite 


deformation will be lower for a given load and the 
mold wall movement will be less. 

There are molding sands whose load carrying power 
are poor. These sands produce a stress-strain curve 
with no proportional range or a short one. The stress- 
strain curve does not have a straight portion at the 
low loads. The stress-strain diagram is curved at 
the beginning showing a large accelerating movement 
or deformation as load increases. These sands would 
have a high mold wall movement. ; 


Yield Point vs. Moisture 


The moisture content of molding sands is one of 
the most fluctuating ingredients of a sand. One should 
know how this variable affects the sand. Remember 
that one does not want to load a sand above the yield 
load to avoid the accelerated mold wall movement 
region. It is thus of practical consequence to know 
how moisture affects the yield strength and correspond- 
ing yield deformation. 

The stress-strain diagram shown in Fig. 2 illustrates 
how most sands behave as the moisture is varied. The 
sand is a synthetic gray iron system sand with sea 
coal. With increasing moisture near temper, the yield 
strength values decrease as a rule as shown in Fig. 2. 
The yield deformation value is not changed for this 
particular sand or others like it. 
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Yield and Ultimate Deformation vs. Additives 

A bank sand bonded with western bentonite may 
be used to illustrate how additives affect the ultimate 
and yield deformation of a sand with a changing mois- 
ture content. Refer to Fig. 3. 

The ultimate deformation of this sand is lowered 
with addition of 1.5 per cent wood flour, regardless 
of moisture content. A 1 per cent cereal or 5 per cent 
sea coal addition increases the ultimate deformation 
regardless of moisture content. 

The yield deformation of this sand with no addi- 
tives is 0.0038 at all moisture percentages. Additions 
of 5 per cent sea coal and 1.5 per cent wood flour 
do not change the yield deformation significantly, 
but a 1 per cent addition of cereal lowers the yield 
deformation as moisture is increased. 

This shows that yield deformation does not fol- 
low the ultimate deformation but more research work 
is necessary to uncover the practical significance of 
this point. One can change the yield or ultimate de- 


~“ 
6 
x 
> 
8 
5 
: 
Se 
$ 
v 
S 
N 
~ 


MOISTURE % 





Fig. 5 — Yield Compression Is Increased by Additives 


formation by a change in additives. Additives do 
change the deformation values and this point should 
receive attention in their use. 

The subject of high or low bentonite percentage in 
sand is often a subject of discussion. The graphs in 
Fig. 4 show how the yield and ultimate deformation 
values are affected for a 5 per cent and a 9 per cent 
western bentonite bonded sand. It may be noted that 
for all practical purposes this difference in bentonite 
percentages does not materially affect either the yield 
or ultimate deformation. Thus, changing the percen- 
tage of bentonite in a sand does not offer a quick 
means of changing either the yield or ultimate de- 
formation. 


Yield Compression vs. Additives 


The load carrying power of sands depends upon 
three items, namely, the yield deformation, yield 
strength and time. Thus, one is interested in how a 
change in additives at various moisture percentages 
will affect the yield strength. 

The yield compressive strength of a Michigan bank 
sand bonded with western bentonite decreases with 
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an increasing moisture. See curve marked “No addi- 
tives”, Fig. 5. When 1 per cent cereal is added to this 
sand, the yield compressive strength is increased slight- 
ly at low moistures and slightly lowered at high mois- 
tures. Both 5 per cent sea coal and 1.5 per cent addi- 
tion of wood flour materially increase the yield 
compressive strength at all moisture percentages. 


Modulus of Plasticity vs. Additives 


The modulus of plasticity of a Michigan bank sand 
bonded with western bentonite is shown by the curve 
designated “No additives”, in Fig. 6. Note that the 
modulus of plasticity decreases as moisture percen- 
tage is increased. Thus, high moisture percentages 
above temper are not conducive to good load carry- 
ing power. 

All the additives, 5 per cent sea coal, 1 per cent 
cereal and 1.5 per cent wood flour increases the modu- 
lus of plasticity of the sand. In other words, the load 
carrying power of the sand is improved with such 
additives. 

Modulus of Plasticity vs. Fineness 


The grain size of a sand will affect the load carrying 
power of a sand. The graphs in Fig. 7 illustrate this 
point. The distribution of the sand also has a pro- 
nounced affect as indicated by the difference between 
the curve for the blended sand and the other curves. 
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Fig. 6 — Modulus Is Increased by Additives 
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Fig. 7 — Modulus Is Influenced by Grain Fineness 
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Modulus of Plasticity vs. Ramming 

For this study, a bank sand with 105 GFN was 
bonded with 5 per cent western bentonite and tem- 
pered to 4.7 per cent moisture. The curves in Fig. 8 
show the ultimate and yield strengths and the modu- 
lus of plasticity increase as the green hardness is 
changed from 74 to 8614. The modulus of plasticity 
curve follows the trend of both strength curves ex- 
hibiting no new information. This increase in load 
carrying power with increasing green hardness shows 
that mold wall movement may be readily retarded 
by better or harder ramming. 


Load Carrying Power vs. Additives 

A useful load carrying power test was made by 
loading AFS sand specimens to a preselected compres- 
sive load in a sand strength machine equipped with a 
recording deformation accessory (Fig. 9). The speci- 
mens were loaded to the desired value, for example, 
3.55 psi, and the position of the stylus drawing the 
stress-strain curve was marked at 10-second intervals 
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Fig. 8 — Modulus Ultimate and Yield Compressive Strength 
Are Increased by an Increase in Green Hardness 





Fig. 9 — Load Carrying Power Test 
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for the first minute and at half-minute intervals there- 
after. At the end of five minutes the paper was removed 
and the results replotted in terms of deformation and 
time (Fig 10). A stopwatch was used to measure the 
time intervals and the load on the specimen was held 
by simply pulling the strength machine power line 
from the wall plug when the proper load had been 
reached. 

The upper graph in Fig. 10 is for a washed and 
dried silica sand of 64 GFN bonded with 4 per cent 
western bentonite. This sand produced shrinks. Note 
that in one minute the specimen deformed 0.013 in. 
per inch of length under a load of 3.55 psi. 

When 5 per cent sea coal was added to this sand 
the result was a reduction of deformation to 0.0088 
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Fig. 10— Load Carrying Power of Sands Are Increased by 
Additives 


in. per inch at one-minute time interval. This sand 
did not produce shrinks. 

Adding 5.0 per cent flour to the sand retarded the 
deformation giving lower value of 0.0074 in. per 
inch. Thus it is evident that one can easily reduce 
the deformation versus time to improve the mold wall 
stability. 

The load carrying tests are easily made and should 
receive more attention by foundrymen. To further 
illustrate the value of the load carrying tests note 
Fig. 11 where load carrying curves are shown for a 
washed and dried silica sand bonded with 4 per cent 
and 5.7 per cent western bentonite. This sand when 
bonded with 4 per cent bentonite deforms 0.0132 in. 
per inch under selected load of 3.55 psi at one minute. 
With 5.7 per cent bentonite the sand deforms only 
0.0036 in. per inch at one minute under the same load. 
Thus the 5.7 per cent bentonite sand will have a much 
lower mold wall movement than the 4 per cent bonded 
sand. 

The load selected for the load carrying test should 
be below the lowest yield strength of any sand in a 
group to be tested. All sands to be compared for load 
carrying power should be tested at the same selected 
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Fig. 11— Load Carrying Power of Sands Are Increased by 
Increase of Bentonite 


load. Changing the selected load will change the de- 
formation of a sand. This is illustrated in Fig. 12 
where load carrying curves are shown for 4.1 psi ulti- 
mate compressive strength sand. 

The load carrying curve A is under a selected load 
of 3.0 psi showing a 0.0088 in. per inch deformation 
at one minute. Curve B, under a selected load of 3.50 
psi, shows 0.0108 in. per inch deformation at one min- 
ute. Curve C, under a selected load of 3.55 psi, which 
is the yield strength of the sand, shows 0.0132 in. 
per inch deformation at one minute. When the se- 
lected load is 3.7 psi, which is above the yield strength 
of the sand, the sand deforms rapidly so that at one- 
half minute a deformation of 0.025 in. per inch is 
present. Under this loading a large mold wall move- 
ment would be had and a swell or possibly, a shrink 
defect would be present. 


Load Carrying Values vs. Casting Quality 


Load carrying tests on molding sand may be of great 
practical value to the foundryman as an index of the 
ability of a sand to produce a stable mold. The actual 
correlation between the tests and casting soundness 
was checked by casting lead in a metal flask fitted ac- 
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Fig. 12 — Shape of Load Carrying Curves Depends on Selected 
Load 

curately with a machined scope and drag plate. The 
mold was rammed a preselected amount with a drop 
weight rammer and the entire assembly was bolted 
together with a close metal-to-metal contact between 
the cope and the drag. Castings made under these 
precisely controlled conditions indicated that there was 
good correlation between the load carrying test and 
the soundness of castings. 

Two sands, A and B, of the same grain fineness were 
bonded differently producing load carrying curves A 
and B as shown in Fig. 13. At four minutes time, under 
a selected load of 9.5 psi, the deformation for sand A 
was 0.0035 in. per inch while sand B deformed 0.006 
in. per inch, nearly twice as much. Thus, castings from 
sand B should show around twice as much shrinkage 
as castings made in sand A. This is the case as shown 
in Fig. 14, which is a photograph of the cross-sectioned 
castings produced in the sands. The shrink pipe in 
casting B is approximately twice as large as the one 
shown in Casting A. 
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Fig. 14 — Cross Section of Castings Made in Sands A and B 


Another illustration of the application of the load 
carrying test in the production of castings is illustrated 
by the two sands whose load carrying curves are shown 
in Fig. 15. It may be noted that the shrink sand has a 
deformation of 0.0141 in. per inch after two minutes 
under a selected load of 3.55 psi. The non-shrink sand 
has only a 0.0088 in. per inch deformation under 
similar test conditions. 

The castings made from the non-shrink sand were 
sound throughout while the castings made from the 
shrink sand have a large internal shrink. 


Conclusions 


1. The stress-strain curves of molding sand are in- 
structive showing precisely how a sand behaves under 
load. 

2. Both the technical and practicing foundryman 
should become familiar with the stress-strain curves 
of sand used in their plant. 

3. The yield strength of molding sands are altered 
by ingredients present in the sand. 

4. The yield deformation of molding sands when 
bonded with clay or bentonite is not laways influenced 
by a change in moisture and only slightly influenced 
by additives such as wood flour and sea coal. How- 
ever, cereal binders have a significant effect. 

5. The ultimate deformation of molding sands is 
greatly influenced by a change in ingredients such as 
moisture or additives. 

6. A change in the percentage of western bentonite 
in a sand does not change the ultimate or yield defor- 
mation for all practical purposes. 

7. Additives such as wood flour, sea coal, and cereals 
generally increase the yield compressive strength. 

8. Molding sands should be loaded above their 
yield strength to avoid excessive mold wall movement. 

9. Modulus of plasticity values of a sand may find 
a use in expressing the rigidity of molding sands. 

10. A new test termed “load carrying test” which 
measures the movement of sand under a selected load 
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Fig. 15 — Load Carrying Curves of Sands Producing Shrink and 
No Shrinks in Castings 


at various time intervals offers a new foundry tool 
to aid in the production of sound castings. 

11. Molding sands which show good load carrying 
power (having a low movement under load) produce 
castings without shrinkage or with reduced shrinkage. 
It is recognized that all shrinkage is not a result of a 
sand condition. However, it is surprising how sound- 
ness of castings may be improved by using sands with 
good load carrying ability. 


DISCUSSION 


Chairman: ¥. E. Pottarp, Tyler Pipe & Foundry Co., Tyler, 
Texas. 

Co-Chairman: W. E. Kinreap, Whiting Corp., Ltd., Toronto, 
Ontario, Canada. 


C. C. Sicerroos! (Written Discussion): The description of sand 
laboratory instrumentation techniques and the stress-strain data 
included in this paper will no doubt be of interest to many 
foundrymen — especially the sand technicians who are working 
on the close control of green sand properties at room tempera- 
ture. The writer can also see some practical value of the data 
in dealing with such problems as supporting dry sand cores, 
chaplets, etc. 

In such mold assembly problems the load carrying power of 
the sand must, of course, be high enough to avoid crushes and 
other mold assembly defects. However, the authors have made 
a very serious error in concluding that there is a close correlation 
between the load carrying power of a sand as measured at room 
temperature on a standard strength machine and the load 
carrying power of the same sand under pouring conditions. 

The writer and his coworkers have made detailed studies of 
the problem of mold wall movement and the apparent shrink 
defects caused by this movement. With a few exceptions (as 
discussed later) in these studies, it has been impossible to 
arrive at close correlation between room temperature stress- 


- strain data and the amount of apparent shrink for all green 


sands. The writer has observed that when moisture alone is 
increased in a sand, it is true that there is a corresponding in- 
crease in deformation and apparent shrink. However, when 
more complex changes are made, such as by changing the type 
of bonding clay or by adding sea coal, wood flour, cereal, etc., 
the writer has not observed a close correlation between stress- 
strain laboratory data and apparent shrink. To illustrate this 
point, photographs of the halves of three gray iron castings and 
the data on the sands in which they were made has been taken 
from the writers file and included in this discussion. See Figs. 
A, B, and C. 

The mold cavities for the castings were constructed 3 in. in 
diameter and 4 in. high with a 2-in. diameter and 2-in. high 


1. Michigan State University, E. Lansing, Mich. 
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Loap CARRYING POWER OF MOLDING SANDs 





Fig. A Fig. B 


riser. A generous fillet was applied to the connection between 
the casting and the riser in order to concentrate the shrinkage 
at the top or in the center of the riser. These molds were con- 
structed by the method described in the paper by Sanders and 
Sigerfoos.* (In this method the rammed density of the sand 
matches the density of the standard 2x 2-in. laboratory speci- 
men.) The castings were poured from a ladle of gray iron in 
the order of 1, 2, and 3 and care was taken to minimize tempera- 
ture drop and to see that the risers were filled level with the 
top of the molds. Before these iron castings were sawed in two 
the volume of shrinkage was measured. This operation was 
accomplished by placing a stiff paper collar around the riser to 
form a cavity to the original 2-in. height. This collar was 
securely taped to the riser and filled with mercury to obtain 
the volume of shrink. It should be noted that this measured 
shrinkage includes the true metal shrinkage plus the apparent 
shrink due to the mold wall movement. 

Sand No. | was a blend of 49 per cent Ohio milled natural 
sand, 49 per cent of Michigan bank sand and 2 per cent of fire 
clay. Sand No. 2 was the same blend as No. 1 except that it 
contained 6 per cent sea coal. Sand No. 3 contained 94 per cent 
Lake Michigan dune sand and 6 per cent of western bentonite. 
Other sand and casting data are. as follows: 


SAND DATA 





Weight 
Green Defor- of 2x 2-in. Mold 
Water, Permea- Strength mation, Specimen, Harness 
Sand Mixture % bility psi__in./in. gm No. 
No. 1] Blended Natural 
with 6% sea 





coal 5.9 29 10.2 0.018 164 83 
No. 2 Blended Natural 

with no sea 

coal 6.2 30.5 11.4 0.020 172 82 
No. 3 Lake Michigan 

and Western 


Bentonite 26 460 18.3 0.013 162 89 





CastTING DATA 


Fig. C 








Casting No. 1 2 3 
32.5 43.5 30.5 





Shrinkage in Riser, cc 





It should be pointed out with reference to the stress-strain 
diagrams (Fig. D) for sands No. 1 and No. 2 that these sands 
produce the same angle of slope because the moisture varies 
from 5.9 per cent for No. 1 to 6.2 per cent for No. 2, and this 
tends to compensate for the sea coal addition. 

Following the contention of the authors of this paper in 
examining the stress-strain diagrams for sands 1, 2, and 3, one 
would expect that sand No. 3 would produce about one-half as 
much shrinkage as sands No. I and No. 2. Actually these sands 
do not agree with the authors’ conclusion for No. 2 shows the 
greatest shrink and No. 1 and No. 3 are almost equal according 
to the shrinkage volume measurements. Furthermore, sands No. 
1 and No. 2 do not agree with the authors in that the No. 2 


*“Gray Iron Shrinkage Related to Mold Sand Conditions,” C. A. 
Sanders and C. C. Sigerfoos, AMERICAN FOUNDRYMAN, February, 1951. 
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Fig. D 


sand produces the greater amount of apparent shrink. This 
latter comparison is especially revealing because these two sands 
have the same angle on the stress-strain diagram and sand No. |! 
is somewhat weaker than sand No. 2. 

The reason for the failure of the common stress-strain diagram 
to be a close index of the mold wall movement is a complex one. 
However, there are at least three things taking place at the 
mold metal interface during pouring that are unaccounted for 
in plotting a stress-strain diagram. 

First, there is the migration of the free moisture away from 
the mold interface. Very soon after the mold is poured, the 
sand next to the metal is dryed and the sand a short distance 
from the metal becomes excessively moist due to migration and 
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subsequent condensation of the steam that has been formed. 


Second, there are certain chemical reactions taking place due 
to the heating of the sand that no doubt also disturb the 
stability of the sand. For example, part of the sea coal is 
coked or burned out and part of the bond clay is dehydrated. 

Third, the sand that is carrying the load of molten metal in 
the mold is largely confined by the flask or mold jacket. This 
type of loading cannot be expected to give the same degree of 
deformation as measured on the unconfined end loaded 2 x 2-in. 
laboratory specimen. A weak, hard, rammed (dense) sand in 
the drag of a tight flask can be expected to carry more load 
than indicated by the laboratory test. 

In concluding this written discussion, the writer wishes to 
again point out that he agrees with the authors in that certain 
simple sand, clay, and water mixtures low strength and high 
deformation test results are often indicative of mold wall move- 
ment. However, in complicated blends of sands containing 
combinations of special additives such as used in most foundries, 
it is difficult if not impossible to establish close correlation be- 
tween room temperature laboratory tests and mold wall move- 
ment. Until more suitable equipment and techniques are de- 
veloped, the writer ventures to recommend that foundrymen 
check mold wall movement the practical and almost foolproof 
way by making test castings in molds in which the sand density 
or ramming has been controlled. 

Mr. Dietrrt (Reply to Prof. Sigerfoos): The authors wish to 
call attention to the fact as stated that certain introductory 
material would be given as foundation for a further study of 
sand movement under load. Thus the showing of a stress-strain 
diagram was made to acquaint one with sand properties such as 
ultimate strength and yield deformation. The yield strength 
of a sand should be known before one makes a load carrying 
test on a sand. This is why the stress-strain diagram is included 
in the paper. 

Mr. Sigerfoos interprets that the authors recommend the 
stress-strain test as the means for evaluating the load carrying 
powers of sands. This is not the case. The authors recommend 
a load carrying test as detailed in the paper where the AFS 
sand specimen is loaded at a constant load for an extended 
time. The load carrying deformation or creep deformation 
correlates only for a few sands with the green deformation 
obtained from a green sand strength test. We agree that a 
stress-strain test is not suitable for all sands. What we recom- 
mend is a load carrying test as described made at a psi load 
below the yield load of the sand. 

The authors have much additional affirmative data which 
will be published in the future. 

The load carrying test is a green sand test that correlates with 
casting weight, size and shrinkage which are caused or enlarged 
by a mold wall movement in a green sand mold. Some might 
wish a hot sand test. However, the layer of dried or hot sand 
is very thin at the time that metal solidifies. This thin layer 
of sand possesses no strength in flexure. The sand in back of 
this dried layer holds it in place. 

The heavy tempered sand layer due to steam condensation 
occurs in all green sand. It is always present. We need to find 
the variable which is the ability of a green sand to carry a 
load with the least amount of creep deformation. This can be 
measured under a load carrying test. The authors suggest that 
Mr. Sigerfoos make some load carrying tests and apply that 
in his excellent study of casting shrinkage. 
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J. B. Catne:? I can agree with the authors as to the correla- 
tion of compression modulus with casting dimensions, but 
would suggest that confined deformation instead of unconfined 
deformation be checked because the sand in the mold is con- 
fined by the flask or jacket. It may be found that unconfined 
expansion may be satisfactory, but should be checked. What 
loads would the authors recommend for the various sands? 

I object to the words “better” for low deformation sands, 
“worse” for high deformation sands. It is agreed that this 
nomenclature applies to this subject, but may not apply gen- 
erally. For example, many of the low deformation sands will 
scab in contact with liquid steel. 

Mr. Dretert: Mr. Caine expresses the desire to confine the 
sand specimen in the load carrying test. This is a thought 
worthy of trying. At the time of this writing the free AFS 
specimen under load carrying test correlates remarkably well 
with casting results. Wonder is a face of a mold due to its 
large or relatively large area causes the sand to act as if it were 
confined or whether it is caused to act as a true specimen in 
that it can move away or back from the ferrostatic pressure or 
all along in a radial direction away from a point for adjacent 
sand is free to move. 


G. J. Grorr:* When figuring on a particular casting would it 
not be advisable to determine the load carrying capacity at the 
strength level corresponding to the metallostatic pressure? 

Mr. Dierert: Mr. Grott brought up an excellent point and 
the authors agree that one should determine the load carrying 
capacity at a strength level corresponding to the metallostatic 
pressure. It would be well to have the creep deformation as 
low as possible, for example, 0.004 in./in., for the mold which 
will have to support the greatest ferrostatic pressure. Thus the 
sand would be a good sand to use on all molds for which the 
sand was compounded. 


S. A. Kunprat:* What effect would a higher AFS GFN sand of 
100 have on the ability of the sand to its load carrying ability, 
as compared to the 64 AFS GFN and 5 per cent silica flour? 

Is there any correlation between green compression and green 
strength to its load carrying ability? 

Mr. Drerert: Mr. Kundrat raised two points. The first con- 
cerns using a finer sand, such as 100 GFN, without silica flour 
as compared with using a coarser sand, such as 64 GFN, with 
5 per cent silica flour. The inclusion of silica flour or fines in- 
creased the load carrying capacity of a sand by lowering the 
creep deformation. The authors have not done sufficient com- 
parative work with change in fineness as compared with coarser 
sand with silica flour to answer the point raised. A load carry- 
ing test would have to be made on sands as described to arrive 
at a definite answer. 

The second inquiry deals with the possible correlation be- 
tween green strength and load carrying ability. For a given 
sand composition, in general, the greater the green strength 
the better the load carrying ability. 

However, for two sands of different compositions there need 
be no correlation between green strength and load carrying 
ability. Frequently the lower strength sand can possess the 
better load carrying ability. 


2. Foundry Consultant, Wyoming, Ohio. 
8. Foundry Consultant, Houston, Texas. 
4. Homestead Valve Mfg. Co., Coraopolis, Pa. 








USE OF STEEL CASTINGS BY SOUTHERN PACIFIC 


By 


B. F. Kline* 


The subject of this paper is indeed a very broad 
one. It is not amenable to the usual technical treat- 
ment for that reason and has hence been written as 
information of general interest regarding Southern 
Pacific and its relationship with foundry products. 

The uniformity of American railroad practice 
through associations is explained. 

A brief history of the railroad, its own foundries 
and its use of foundry products from the days of or- 
ganization until the present, is given. 

The transition from cast iron and forged steel 
products to the steel casting so widely used in railroad 
equipment construction is described. 

Comparative figures are cited on the use of steel 
castings in freight car building and maintenance. 

Reference is made to several AAR Specifications 
governing material and design for commonly used 
steel castings. 

Some of the railroad’s experience in controlling the 
quality of steel castings may be of interest to the 
foundryman as well as other railroads. 

Employment of steel castings on Southern Pacific 
is naturally similar in scope and use to practices on 
all North American railroads. This is true on account 
of complete and free traffic interchange under the 
rules of the American Association of Railroads. In 
addition to controlling interchange of traffic, the 
mechanical, electrical and other sections regulating 
construction and maintenance practices are com- 
pletely codified by the Association so that the design 
and construction of freight cars as well as all other 
rolling stock are very similar. 

Change in design and materials of construction, 
particularly as to draft gear and running gear, must 
be approved by the Association before it can become 
standard and allowed in free interchange of traffic 
by the various member railroads. Failure to meet 
these conditions, or to meet maintenance standards, 
may be sufficient cause for one railroad to refuse 
acceptance of equipment of another road for traffic 
on their lines. Minor discrepancies may be corrected 


*Chief Chemist, Southern Pacific Co., Sacramento, Calif. 
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at interchange points by the receiving line and billed 
to the owning line. 

As can be seen, the effect of such organization is to 
closely coordinate maintenance practices, design and 
materials of construction. 

In a lesser degree, track and other railroad con- 
struction are also standardized through the American 
Railroad Engineering Association. Since these facili- 
ties are fixed and not directly involved in inter- 
change of traffic with other lines, however, there is 
much greater variance of practices between individual 
roads than can be tolerated with rolling stock. 

Though the foregoing remarks may not seem to be 
directly pertinent to the use of steel castings on 
Southern Pacific lines, they are included to explain 
why the use of this type material is so closely an- 
alogous on all American railroads. 

Before considering the subject of steel castings and 
their manufacture, it might be of interest to briefly 
describe Southern Pacific’s association with foundry 
products and foundry practices, and to derive the 
transition towards greater use of steel castings in 
railroad practices of today. 

Due to isolation from Eastern industrial centers 
and sources of industrial supply in the early years 
of western railroading, it was expedient to build and 
operate foundries to a greater extent than usual in 
American railroad practice. 

The Sacramento Valley Railroad initiated build- 
ing in 1854 and constructed shops in Sacramento dur- 
ing 1855. Their first locomotive arrived by river 
steamer in June of that year. Due to difficulty in se- 
curing proper shop location, it was decided to erect 
the main shop at Folsom, Calif., about 22 miles from 
Sacramento. Facilities included a gray iron foundry 
and space in the machine shop for brass founding. 
The Sacramento Valley Railroad was taken over by 
Central Pacific in 1865, and the Folsom shops, in- 
cluding the foundries, were eventually abandoned in 
the early 1890's. 

During January 1863, Central Pacific broke ground 
at Sacramento for the commencement of the Western 
link of a chain which was to span the continent. In 
October 1863, the first Central Pacific Locomotive CP 
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No. 1, Governor Stanford, arrived by river schooner 
together with a cargo of material for raiload con- 
struction. 


Supply of Chilled Car Wheels 


The commercial machine shops and gray iron 
foundry of Goss and Lambard in Sacramento supplied 
the major part of the castings and performed the 
machining and assembly operations to fit the locomo- 
tive for service. Central Pacific purchased the shops 
of Goss and Lambard in 1865 and thereafter operated 
them until other facilities were built. Driving wheel 
centers, non-chilled pulleys and wheels, cylinders and 
many other castings later made of steel were at that 
time, and for a considerable period thereafter poured 
from iron. Chilled car wheels were obtained chiefly 
from Eastern foundries since West Coast facilities 
were minor in nature. This also applied to other 
castings which could not be manufactured or ob- 
tained locally. 

Based on plans made in 1871, construction of a 
wheel foundry at the Sacramento shops was under- 
taken and completed in late 1872. This operation in- 
cluded a cupola described as of 14 tons capacity and 
the manufacture of cast iron car wheels started with a 
40 wheel per day production, later increased to 100 
wheels per day. The foundry building also included a 
section for producing brass castings. 

It is difficult to realize the difficulty of operating a 
pioneer railroad with the sources of part supply so 
far removed. Abnormal dependence was placed in 
railroad foundry operations. Practically all the ma- 
chinery for the rolling mills, including rolls, stands, 
corliss engine, etc., were all cast in shop foundries. 
In some cases, I-beams were cast from gray iron, with 
bottom or tension flanges approximately 2 in. in 
thickness. These were employed in the charging plat- 
form of new and larger foundry installations. 

Without the railroad foundry facilities it would 
have been well nigh impossible to operate. 

Completion of the continental link in 1869 with 
consequent heavy traffic gains in the following years 
necessitated further increase in foundry facilities to 
expedite locomotive and equipment repair and build- 
ing. Transportation from the Eastern sources of sup- 
ply took a much greater time than it does today, con- 
sequently local sources created by the railroad were 
mandatory. 


Gray Iron and Wheel Foundries 


Accordingly a large foundry building to house 
both gray iron and wheel foundries was started in 
1883, being completed in 1885 or 1886. The gray iron 
end was originally equipped with two cupolas of 38-in. 
and 48-in. shell diameter. The first 72-in. cupola was 
erected in 1906, and today the gray iron foundry has 
cupolas of 72-in. and 90-in. diameter. In the peak of 
operations as many as 126 molders were employed 
with a pour running as high as 100 tons per day. 

Many large castings were poured including loco- 
motive cylinders, steamer cylinders, jet condensers, 
propellers, as well as gold dredger castings for which 
there was no other available local source of sufficient 
capacity. Due to the advent of the diesel locomotive 
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and its rapid replacement of steam power, gray iron 
foundry operations are today greatly curtailed. Ap- 
proximately 35 tons a day of steel back reinforced 
brakes shoes are cast, the largest residual operation. 
The wheel foundry originally was equipped with 
cupolas of 52-in. and 72-in. shell diameter. It cur- 
rently employs a single 90-in. diameter shell cupola 
lined to 72 in. Although designed to produce 300 
wheels daily, the maximum daily output under peak 
production has amounted to 410 wheels. Operation 
is based on 18 circular molding floors and under full 
production approximately 190 tons of metal is poured 
per day. Although a number of railroads in the 
United States formerly operated wheel foundries, 
with two exceptions, they have discontinued this. 


Supply of Brass Castings 


Brass foundry operations were carried on in various 
locations until in 1915 plans were made for a new 
foundry. These quarters were occupied in 1920, and 
are still used. Displacement of the steam locomotive 
by modern diesel power has also changed the picture 
in brass castings. Formerly a tonnage of approxi- 
mately 30 tons per day is poured into car journal 
bearings, locomotive crown bearings, bushings, gibbs, 
shoes, washout plugs and safety fusible plugs. With 
the replacement of steam by diesel power the heavy 
castings required for crown brasses and rod bushings 
are no longer necessary. Current capacity approxi- 
mating 15 tons per day is poured into car journal 
bearings and for servicing remaining steam power not 
yet replaced by diesels, also general purpose castings. 

Steel castings had come into wide usage in railroad 
application prior to World War 1. On the Pacific 
coast there were however, few foundries capable of 
producing steel castings. Consequently Southern Pa- 
cific was chiefly supplied from the East. During 
World War I, when industrial effort was largely de- 
voted to military and naval objectives, it was ex- 
tremely difficult to secure large castings from the 
East and even to obtain smaller castings from West 
Coast foundries. For that reason plans were drawn 
for a steel foundry to be erected and operated by the 
railroad company at their Sacramento shops. 


Steel Casting Foundry 

Plans were made for a steel foundry equipped with, 
a 3-phase carbon arc furnace, which was put into 
service in 1918-19. The furnace was of nominal 5 
tons capacity but could produce heats of up to 8 tons. 
Operations were entirely on railroad scrap with an 
average of five heats per day. The daily output of 
steel was from 25 to 30 tons, approximately two- 
thirds of which was employed in castings and the 
balance in ingots which were rolled into plates and 
bar stock at the local railroad rolling mill. Normal 
production was of the low carbon type with a carbon 
content of less than 0.20 per cent. As many as 100 
men were employed in this organization which con- 
tinued operations until 1932 at which time it was 
discontinued and the equipment eventually sold. 

The close coordination of the steel foundry with 
shop operations was of great advantage. The major 
portion of casting capacity was devoted to locomotive 
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frame sections, cross heads, gibbs bolsters, guide bear- 
ers, driving wheel centers, driving boxes, journal 
boxes, journal wedges, center plates, and miscellan- 
eous castings. Car castings such as truck side frames 
and bolsters were not handled as foundry capacity 
was insufficient to render this work economical. 

Experience with the steel foundry operation indi- 
cated the wide adaptability of steel castings, which 
were employed with satisfaction, in uses where forg- 
ings are more highly considered for better dimen- 
sional adherence. One notable experience was with 
journal wedges which were produced of steel castings 
to secure excellent compliance with standard gages. 

The use of steel castings has thus superceded gray 
iron, malleable iron, and forgings for many purposes 
and is strictly competitive in many cases with weld- 
ment and riveted structural assemblies. 

In American practice, locomotive frames were 
largely forged, up to the early 1900's, at which time 
separate bar section frames were first produced in 
cast steel. However, during the later years of World 
War I, a number of “Mountain Type” locomotives 
built by the railroad were equipped with forged 
frames manufactured at the Sacramento shops due to 
the inability to obtain cast frames. With bar frame 
type of construction, whether forged or cast steel, the 
cylinders were cast separately, and of gray iron. 

Just prior to the advent of diesel power, steel cast- 
ings were used for most locomotive frames. Frame 
castings were usually purchased to specification AAR 
M-201 Grade B. In most of these modern locomotives, 
the frames, cross ties and cylinders constituted a single 
steel casting termed a locomoti e bed. However, even 
when a bed casting was emploved, the cylinders were 
sometimes cast separately which was also true of the 
cradles. 

Improvement in Casting Design 

The one-piece locomotive bed was a notable im- 
provement in design, constriction, operating econ- 
omy and availability of the locomotive. It was one of 
the most intricate steel castings produced; embodying 
in a single strong unit, the main frames, cylinders 
and back cylinder heads, cradle, front deck casting, 
cross braces, waist sheet brackets, guide yoke brackets, 
link brackets and brake hanger brackets. In some 
cases they were provided with integral air reservoir 
and air pump brackets, pilot beams and other parts. 

Unit steel castings of the bed type, whether for lo- 
comotives, tenders or car underframes, removed all 
possibility of the frame structure loosening and there- 
by eliminated a great deal of repair expense and in- 
creased serviceability. Many related parts of the struc- 
tures performed better and cost less to maintain due 
to the permanent alignment. The strength of such 
casting design and material was a great protection to 
equipment involved in collision or derailment. 

Great improvement in locomotive tender mainten- 
ance and service was also secured by adopting bed 
type construction in which tenders were assembled on 
a cast steel integral unit bed. Large capacity tenders 
were in some cases assembled on beds in which the 
rear carrying wheels and axles were held by pedestals 
cast integrally with the bed with a separate guiding 
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truck employed at the front end. 

Southern Pacific, as well as other American rail- 
roads, has some freight cars equipped with cast steel 
underframes. Bed frames of this type possess inherent 
characteristics to minimize repair and create econo- 
mies, although they are not widely used. However, 
underframe construction is today, and probably will 
be for many years, mainly of welded or riveted fabri- 
cated structural steel construction. 

The diesel power in existence at the present time 
has underframes chiefly of welded steel construction. 
It is quite possible that future developments of diesel 
power will employ cast steel bed frames. Of course, 
diesels do use a large tonnage of steel castings in 
truck assemblies, and other parts of the locomotive. 
Competition between castings and weldments is strong 
so that future developments will be governed by the 
activities of the manufacturers and champions of the 
two types of products. 


Steel Castings in Freight Cars 


The locomotive, steam or diesel, and the stream- 
lined passenger equipment come to the fore in the 
public’s attention and are the objects of glamor in 
railroad operation. In spite of this fact, it is the 
humble freight car which through sheer numbers, 
uses the largest tonnage of steel castings involved in 
any phase of railroad operation. Furthermore, a 
greater amount of replacements and renewals is nec- 
essary due to severe traffic and yard conditions under 
which freight equipment is handled. 

Southern Pacific owns on its Pacific Lines approxi- 
mately 60,000 standard gage freight cars of various 
types and in connection with the Texas and New 
Orleans, and other affiliates, has a total of approxi- 
mately 80,000 freight cars. 

From the nature of the railroad industry, it can 
readily be understood that a large part of the steel 
castings in service are those furnished on equipment 
from the builders. Many of these castings are good 
for the life of the equipment so that it is seldom nec- 
essary to purchase renewals. Due to the inherent 
characterstics of casting design and material, steel 
casting construction is subject to cheap and effective 
repair. 

Couplers, knuckles, yokes and other items of draft 
gears are subjected to the most severe service. On this 
account, replacement purchases of such devices as- 
sume a substantial tonnage. 

For the past few years Southern Pacific and many 
other railroads in America have instituted extensive 
car building programs in their own shops. At Sacra- 
mento shops, approximately 10,500 freight cars of 
various types have been built, at a production rate of 
7 to 18 cars per day. Naturally, the company pur- 
chases a considerable tonnage of steel castings for new 
car construction work as well as for maintenance 
uses On equipment in repair yards. 

The steel castings used in one automobile car are 
as listed in Table 1. Only items ordered specifically 
of cast steel are shown. There are possibly some 
small steel casting parts employed in hand brake and 
auto loader devices which are not included. 
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TABLE | — STEEL Castincs Usep IN CONSTRUCTION 
or ONE AUTOMOBILE CAR 
Class A-50-18 





Weight Per 

Car Set, Ib 
Unit Cast Steel Brake Beam ...............ccccccesece 472 
» 6 £. 9 PREIS RS errr mer. 2450 
CE te SEs oie-k 6 a5 0s okie vn dds cms nccucbeionds ences 1650 
errr et ere rere 108 
COMER nc vines cc cccccccccecewncssenecesoesaseegeses 850 
CORBET WORE on. occ ccercvcnscccsecccccceseecsseces 430 
Coupler Centering Device ..........csessecesecceees 85 
I 5655s hak ones 6460s pwd cense Von qc r cubs on 175 
Draft Gear (Cast Steel Parts) ............:22eeeeeeees 350 
Baek Bip. ged Comter Filler lo... ncin ccc ceciebeccives 436 
OB Er or rer 14 
CE errr Pee Tree eer et ee 7020 





Although the tabulation covers only one type of 
car, the amount of steel castings used in constructing 
other types of freight equipment will not be greatly 
variant. 

On a basis of 1800 cars constructed in 1954, 
12,636,000 Ib of cast steel (6318 tons) were employed 
at Sacramento in new car construction. 

A partial list of castings purchased for maintenance 
of rolling stock furnishes some very interesting data 
(Table 2). 


TABLE 2 — STEEL Castincs (NEW) PURCHASED FOR 
MAINTENANCE OF ROLLING STOCK 





Item Weight, Ib 
a een ae = ee ea er ee ee 98,700 
PSP ee 2,452,400 
Coupler Knuckles ............2scccccccseccccrees 483,000 
Compber Vokes ..... ccc ccc cccccccccccccccceeece 226,200 
TEE CET TOE PRT TOPE ae ee 282,000 





Bolsters and truck side frames purchased for main- 
tenance are relatively low in amount, considered on 
the basis of their proportion of the steel castings em- 
ployed in a car. This indicates their long life and 
adaptability for reclamation and repair. 

Couplers, coupler knuckles, and coupler yokes, on 
the other hand, constitute an important item of pur- 
chase from a maintenance standpoint. This is due to 
the fact that draft gear parts are subjected to severe 
impact stresses in service. 

They are also subject to more limited and con- 
trolled reclamation. 

The total weight of all steel castings, carbon as 
well as alloy, purchased on Pacific Lines during the 
vear 1954, amounted to 4,500,000 lb (2250 tons) . 

These figures cover freight, passenger, locomotive, 
track and roadway equipment. 

It would, of course, not be possible here to con- 
sider more than a few of the castings involved in 
building a freight car. For that reason, four impor- 
tant items are selected for more extensive comment; 
truck bolsters. AAR Specification M-202-53; truck side 
frames. AAR Specification M-203-53; coupler yokes, 
Specification AAR M-205-53, and couplers, AAR Spe- 
cification M-204-51. 

Bolsters, truck side frames, and coupler yokes are 
defined as to material characteristics by AAR Speci- 
fication M-201-53 which covers caybon and alloy steel 


653 


castings for locomotive and car equipment and for 
miscellaneous use, graded as A, B, C, D and E. Both 
chemical and physical properties are defined in this 
specification. Restrictions as to repair of minor de- 
fects which do not impair the strength of the casting 
are also included in this specification. 

Both truck bolsters and truck side frames are cast 
from either grade B or C as defined in AR M-201. 

Grade B castings are furnished either annealed or 
normalized to the quoted chemistry: 


Manganese, Max. per cent 0.85 
Phosphorus, Max. per cent 0.05 
Sulfur (Basic, Max. per cent 0.05 

(Acid, Max. per cent 0.06 


Unless otherwise specified by the purchaser, the 
content of elements other than those designated shall 
be selected by the manufacturer to obtain the re- 
quired physical properties. 

Minimum tensile properties of steel furnished to 
grade B are listed below: 


Tensile strength, Min. psi 70,000 
Yield point, Min. psi 38,000 
Elongation in 2 in., Min. per cent 24 
Reduction of area, Min. per cent 36 


Grade C castings are furnished normalized and 
tempered or quenched and tempered. 

The chemical requirements for this grade of casting 
apply only to restrictives: 


Carbon, Max. per cent 0.35 
Phosphorus, Max. per cent 0.05 
Sulfur (Basic, Max. per cent 0.05 

(Acid, Max. per cent 0.06 


Required test specimens are obtained either from 
coupons poured attached to the casting or cut from 
finished castings at a location mutually agreed on by 
the inspector and the manufacturer. For miscellan- 
eous castings from heats which do not include such 
massive material as locomotive frames, wheel centers, 
cross heads or cylinders, one tension test is made 
from each heat. This requirement is relaxed on the 
basis that after 15 consecutive heats covered by these 
specifications on one or more orders have been tested 
and accepted in accordance with the requirements, 
the manufacturer may group succeeding heats in 
groups of five heats each. In the case of electric fur- 
nace steel, this grouping is enlarged to ten heats. 

Where there are small orders of castings such as 
bolsters, truck sides, draft arms, yokes or castings 
weighing over 150 Ib and conditions do not permit 
casting more than five of these individual items in 
one heat, the physical properties may be determined 
from an extra or spare coupon attached to some other 
casting of the same heat. 

Managenese and other alloying elements are, unless 
otherwise specified, discretional with the manufac- 
turer and selected by him to obtain the required 
physical properties listed: 


Tensile strength, Min. psi 90,000 
Yield point, Min. psi 60,000 
Elongation in 2 in., Min. per cent 22 
Reduction of area, Min. per cent 45 
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Practically all car castings such as bolsters, truck 
side frames and yokes purchased by Southern Pacific 
are of B grade. 

The individual specifications for truck bolsters, 
AAR M-202-53, and truck side frames, AAR M-203-53, 
cover design test requirements. All new or untried 
designs of truck side frames must be approved by the 
AAR Committee on car construction before being 
placed in interchange service. The basis for approval 
is described in the specifications. 

Coupler yokes, Specification AAR M-205-53, also 
are controlled as to design and test performance simi- 
lar to the previous two items listed. The material is 
controlled to specification AAR M-201 when yokes 
are made from cast steel. 

AAR Standard “E” couplers and parts, which are 
the largest numerically of the coupler and coupler 
part items purchased by the railroad due to use on 
freight equipment, are covered by Specification M- 
204-51 which covers chemical and physical require- 
ments as well as definition and limitation of welding 
repairs by the manufacturer. 


AAR Specifications for Couplers 
Couplers are made from two types of steel. Grade 
B and High Tensile with the chemical properties as 
quoted: 


GradeB High Tensile 


Carbon, Max. per cent — 0.35 
Manganese, Max. per cent 0.85 _ 
Phosphorus, Max. per cent 0.05 0.05 
Sulfur (Basic, Max. per cent 0.05 0.05 

(Acid, Max. per cent 0.06 0.06 





The physical properties are defined as quoted: 
Grade B High Tensile 





Tensile strength, psi 70,000 90,000 
Yield point, psi $8,000 60,000 
Elongation in 2 in., per cent 24 22 
Reduction of area, per cent 36 45 


With the grade B steel, the manufacturer is al- 
lowed optional carbon content based on the ability 
of the material to meet the physical tests. With high 
tensile material, the carbon is limited and the manu- 
facturer has option as to the alloy content necessary 
to produce the desired physical properties. Sufficient 
test coupons are cast to provide a test for each heat. 
They are cast with and attached to the coupler 
bodies when they are presented for inspection. 

Coupler knuckles are always poured from high 
tensile steel and the representative test coupon may 
either be attached to a high tensile coupler body 
poured from the same heat or cast from a separate 
test block. 

The number of tests are controlled by definitions 
similar in restriction to those on side frames and 
bolsters. When a heat or heats representing Grade B 
or high tensile steel bodies and or knuckles has been 
accepted by one railroad inspector based on satisfac- 
tory physical tests, such heat or heats shall be ac- 
cepted by other railroad inspectors without further 
physical property tests unless the inspector is other- 
wise instructed by the purchaser. 

Where casting requirements are supplied from 
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points remote to the railroad stores from which th: 
material is distributed, point of origin inspection i 
the preferable method of handling. Destination ir 
spection may react to the disadvantage of both su; 
plier and purchaser, resulting in delays and perhap 
penalization in case of rejection. However, man 
railroads do not maintain inspection staffs at produc 
tion centers. Consequently material is frequently qua! 
ified on the basis of tests witnessed at the factory by 
the representative of some other railroad, or acceptec 
on the basis of notarized or certified reports of test: 
performed by the testing forces of the supplier at the 
producing plant. 

Southern Pacific in the main handles in a like 
manner and usually no inspection of castings is made 
other than dimensional checking and a careful visual 
survey to determine whether or not the material ex 
hibits improper workmanship or defects. Contingent 
upon what is found along these lines, further work 
may be done by railroad technical forces to arrive at 
an equitable judgment. 

During the early part of our car building program, 
a number of rejections were made on steel castings 
received at Sacramento and scheduled for application. 
Two items in particular, coupler yokes and side 
frames, were open to criticism. Both of them are of 
prime importance in the operation of. the equipment 
and their soundness must be assured. 

These castings presumably had been qualified by 
the manufacturer before shipment, by welding, and 
in some cases by peening. However, our experience 
in service failures indicated a close inquiry into their 
condition was desirable. 

The use of welding techniques for appearance and 
otherwise qualifying castings before shipment can be 
entirely proper, but in some instances can not be 
allowed. To find out whether welding is allowable, 
requires a knowledge of restrictions on welding con- 
tained in the “Code of Rules” governing the condi- 
tions of and repairs to, freight and passenger cars for 
the Interchange of Traffic adopted by the Associa- 
tion of American Railroads. This information is not 
contained in the material specification which ordin- 
arily is the only control furnished the manufacturer. 
On this account some misunderstanding can be 
created. 

Qualifying of Castings 

The experience of the railroad in qualifying these 
castings may be of interest and for that reason will 
be outlined in some detail. Many truck side frames 
showed extensive shrinkage cracking on the interior 
corners of the “U” section on both compression and 
tension members as well as the pedestals. Others con- 
tained shrinkage cracks at the junction of journal 
box with compression and tension members. This 
type of defect is not in evidence with some types of 
foundry practice but is quite common with other 
types. With draft yokes, shrink cracks were discovered 
at interior juncture of strap and butt, also there 
were surface defects indicating porosity and lack of 
soundness in the section at and ahead of that location 
in the strap. 

To illustrate, the only welding restrictions as far 
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REGION WITH NO SHADING MAY 
BE WELDED, BUT MUST BE 
SUBSEQUENTLY NORMALIZED. 





REGION SHADED THUS //// MAY BRAKE HANGER BRACKET 
BE WELDED WITHOUT HEAT 


TREATMENT. 





SECTION A-A 





Fig. 1 — Welding limitations, truck side frame. 


as the manufacturer is concerned, are defined in 
Specification M-201 “Steel Castings,” and are not 
further mentioned in the design specifications cover- 
ing either truck side frames or coupler yokes. The 
following remarks are made in Specification M-201 
under “Workmanship and Finish” paragraph 18 
“Welding”: 

(a) “With the consent of the purchaser’s inspector, 
minor defects which do not impair the strength of the 
casting may be repaired by an approved process of 
welding. If welded in the ‘Green’, casting shall re- 
ceive, after the welding is completed, the type of 
treatment specified—for the grade of casting involved. 
If welded after heat treatment, no additional heat 
treatment is required.” 


(b) “With the consent of the purchasers inspec- 
tor, welding of a defect which might impair the 
strength of the casting, were it not repaired, may be 
performed either in the ‘green’ or ‘heat treated’ state 
but, after welding is completed, the casting shall re- 
ceive the type of heat treatment specified—for the 
grade of casting involved.” 

In the case of truck side frames (Fig. 1), the cast- 
ings in question are more or less a matter of opinion 
unless clarified as in Rule 23 of the Interchange 
Manual. 


—_ 
a 
: 


Fig. 3 — Rejected truck side frame welded in limited zone 
and not subsequently heat treated. 
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NO WELDING PERMITTED ON 


we THIS PORTION OF YOKE 


Fig. 2 — Sketch of coupler yoke showing welding limitations. 





These define the zones in which welding may, and 
may not be done without heat treatment after weld- 
ing repairs have been effected. Thus unknowingly, 
the manufacturer after the primary heat treatment 
had made extensive welding repairs without subse- 
quent heat treatment in areas forbidden by rule No. 
23. This was manifest from visual observation. 

Such repairs could not have been made by the rail- 
road without heat treatment, nor could the frames 
be used in interchange because of the obvious viola- 
tion of regulations. The complications are readily ap- 
parent since it can be seen that an interchange in- 
spector could have picked up this condition after the 
equipment was in service with consequent disadvant- 
age and penalization of the owning railroad. 

The entire matter was adjusted to the satisfaction 
of both parties so that complete compliance with 
both specification and interchange manual restric- 
tions was secured. Some of these incidents arose in 
cases where the material was shipped for destination 
inspection and would not have occurred with a point 
of origin inspection where the railroad representative 
could have had the conditions rectified before ship- 
ment. 

Problems of the type encountered with truck side 
frames, also arose with Grade “B” cast steel coupler 
yokes. Specification M-205 covering design test re- 
quirements naturally makes no mention of any weld- 
ing restrictions. Consequently the only information 
available to the manufacturer as to regulation of 
welding practice allowable in qualifying new cast- 
ings for shipment is as defined in Specification M-201, 
Steel Castings which has been quoted as to the pertin- 
ent part. 





Fig. 4— Rejected truck side frame welded in limited zone 


and not subsequently heat treated. 
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Fig. 5— Cracks outside journal box in rejected truck side 
frame. 


However, on referring back to Interchange Man- 
ual, Rule 23 under yokes, cast steel (Y-3), the follow- 
ing statement is found: “Cracks in rear end of yokes, 
including three inches of adjacent strap must not be 
welded.” See Fig. 2. 

It follows that a casting that cannot be welded in 
certain locations on account of not constituting al- 
lowable interchange repairs, should not be welded in 
those locations as a means of qualifying a manufac- 
turers product for shipment. 

Rejections of a large number of yokes produced at 
various foundries were handled with the manufac- 
turers who were thoroughly appreciative of the rail- 
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Fig. 6 — Cracks in journal box from rejected truck side frame. 


road position. Equitable adjustment of the matter 
resulted in their producing yokes which could not be 
criticized from any viewpoint. This acted to the ad- 
vantage of the steel founder and also to the railroad 
in securing maintenance economy and a greater free- 
dom from service failures. See Figs. 3-5. 

There are many other items of steel castings which 
have introduced interesting problems in qualification 
through inspection. The railroad point of view is of 
course guided by the performance of parts in service. 
Ordinarily, these same incidents do not come within 
the scope of the manufacturer’s information. It is only 
by mutual understanding and liaison in information 
that the betterment of both parties is attained. 
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A MALLEABLE FURNACE REFRACTORY 
COST REDUCTION PROGRAM 


By 


F. J. Pfarr and A. S. Johnson 


Introduction 

In order that the market for malleable castings be 
an ever expanding one it is necessary that a constant 
program of operational progress for improved quality, 
service, and cost be administered and adhered to. It is 
imperative that department heads, as operating per- 
sonnel for management, strive constantly to achieve and 
better that which is expected of them. To do this a 
systematic program must be set up, adhered to, and 
followed through. This paper deals with one phase of 
such an over-all program, that of, “Refractory Cost 
Reduction.” 

To those who are familiar with the production of 
malleable iron, it should be apparent that refractories 
represent an important cost and labor item, and it 
would seem reasonable that more interest and investiga- 
tion should be developed and applied toward decreasing 
refractory costs, thereby reducing the cost per ton of 
metal melted. This can be accomplished by prolong- 
ing refractory life where possible, by selecting the 
proper refractory for a specific purpose, and by eff- 
ciently supervising the myriad other items which melt- 
ing department heads face, such as unloading, trans- 
portation, storage, handling, and firing schedules of 
melting units. 

Setting Up a Program 

Accumulation of data for any program or project 
must be done as simply and systematically as possible. 
The first step should be in the direction of logically 
and clearly planning a course of action and then pre- 
senting it to management for confirmation and approv- 
al. Little opposition will be met at this stage if one 
is able to point out why the program was initiated, 
how it is going to be conducted, and what the results 
might be. 

Collection of precise, pertinent data, and its eval- 
uation under the above conditions, should then be an 
easy matter. If the program is entered into haphazard- 
ly a great deal of duplication may evolve, with wasted 
time and effort, ending in confusion with nothing 
being accomplished. The importance of this step 
should not be minimized, for when once committed 


*Lake City Malleable Co., Cleveland. 
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to testing or trying new materials, it is necessary to be 
able to differentiate between the good and/or bad 
features of each test or product. Intelligent inter- 
pretations of test results cannot be accomplished super- 
ficially. 

It will be found that in most cases a refractory cost 
reduction program is not likely to be a short term 
project, and it should not be undertaken is a cursory 


manner. 
General 


The term, refractory brick, intimates the resistance 
to heat, but the conditions to which firebrick are sub- 
jected in use vary greatly. The wearing out of fire- 
brick used in metallurgical furnaces takes place in 
various ways according to the character of the brick 
and the particular conditions to which it is subjected. 
They may deteriorate by crumbling due to excessive 
porosity or openness of texture; by mechanical or 
thermal spalling; by gradually wearing away from 
friction of the descending charge in the furnace; by 
abrasion from solid particles carried in the flame; by 
the gradual eroding of the surface through contact 
with fluxing material; and in cases where it is sub- 
jected to successive firings to a temperature approach- 
ing the fusion point, or long continued heating near 
that temperature, vitrification will take place which 
brings about a very dense mass and close texture which 
entirely alters the properties of the brick. 

Some of the most severe conditions imposed upon 
refractories in the foundry industry are created in the 
malleable iron, batch-type air furnace, where refrac- 
tory life is comparatively short. In some plants this 
condition is further aggravated because only one 
melting unit is available. Where this is so, full side 
wall life usually is never obtained, for whenever it 


' is determined that the walls will not last through an- 
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other full week, it becomes necessary to replace or 
repair these walls immediately in order to assure un- 
interrupted operation. 

It must be remembered that each foundry has its 
own melting unit, and that each of these units presents 
its own inherent problems. These may arise from 
operating conditions or from peculiarities of construc- 
tion. Since not a great deal has been accomplished in 
standardizing interior air furnace design, refractories 
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which meet every requirement necessary in one fur- 
nace may fail wholly or in part in another. Furnaces 
choked down in the neck and operating under a high 
back pressure produce greater fusion and erosion 
problems on side walls and bungs than furnaces which 
are not so designed and are being operated under 
slight or no pressure. Refractories not only must 
meet basic requirements, but also should satisfy the 
needs of individual melting units. 

It is presumed that operating heads of melting 
departments have decided which type of refractory 
most satisfactorily meets their needs, and no attempt 
will be made to dictate the kind to employ. 

Bung Brick 

Bung brick are subjected to very severe conditions, 
and possibly no portion of the furnace takes as much 
punishment as the charging bungs in a periodic fur- 
nace. High refractoriness and resistance to thermal 
spalling are the two main objectives which must be 
present in a bung brick. Workmanship in making up 
a bung is often overlooked, but frames which are 
warped or broken often result in bungs being lost 
or removed from service before their usuable refrac- 
tory life has been reached. 

In attempting to determine bung life and the best 
method of rotation, it was found wise to number the 
bung end plates and record daily on a chart the posi- 
tion of each bung. When any bung is removed from 
service, it is then an easy matter to determine the 
number of heats and over what portion of the furnace 
the bung was used. By this means, and from examin- 
ing each bung as it is removed from service, one can 
detect poor practices and take corrective measures. 
As pointed out previously, this system becomes quite 
important for comparison purposes when trying dif- 
ferent brands and types of bung brick. It can also be 
advantageously used in maintaining a balanced in- 
ventory. 

Furnace Bottoms 

There are various accepted methods employed in 
installing new furnace bottoms, all of which apparent- 
ly work satisfactorily. Our discussion will deal with 
that type of construction in which a sub-bottom is 
first laid, over which a 2-in. cushion of silica sand is 
spread, and then the actual service bottom intalled. 
This method lends itself excellently to the patching 
of the service bottom when necessary. There may be 
some question as to whether it is better to patch or 
replace entire bottoms. Here again individual practice 
enters in, and we can only say that for this operation 
we have found it both economical and practical to use 
a bottom patch where feasible. 


Furnace Bottom Brick 

Brick selected for use in malleable furnace bottoms 
must have refractoriness, resistance to slag and metal 
penetration, resistance to spalling, and have volume 
stability. 

As is readily seen, slag attack on the bottom is 
most critical during the final stages of pouring, for 
then a large area of bottom is exposed to the slag and 
flame impingement. During this period of the heat 
it is usual to have a thin fluid slag which is forced to 
the rear of the furnace by the flame action, and as 
the metal is tapped from the furnace more and more 
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of the bottom becomes exposed. Since we knew that 
the more fluid and hot a slag becomes, the more reac- 
tive it is, it follows that as the temperature of the slag- 
refractory interface increases, chemical action must 
also increase, followed by vitrification, and in later 
cycles by fusion and/or spalling. This action is most 
severe at brick joints, and reducing the number of 
joints is an aid in combating this action. 

Super duty large 9-in. straights of the 21% in. series 
have been selected as our standard bottom brick. We 
did encounter a problem with one section of the bot- 
tom in that it lasted approximately one-half the life 
of the balance of the bottom, a condition which is 
not uncommon in other furnaces. After numerous 
trials, an 80 percent alumina brick was installed in 
this area and lasted full bottom life. Further trials 
will determine whether this will become part of our 
standard procedure. The use of large 9-in. straights of 
either the 214 or 3-in. series should also produce a 
savings in labor and in consumption of high refractory 
cement. 

Side Wall Brick 


Let us review briefly the circumstances which side 
wall refractories encounter and what is required to 
combat these conditions. They must be able to with- 
stand (a) high operating temperatures without ex- 
cessive melting or fusion, (b) abrasion when the 
working face has become semi-plastic through the ef- 
fect of flame temperature, (c) slag erosion, and (d) 
resistance to spalling or breaking from thermal shock. 
These conditions are best minimized at the present 
time by employing a refractory of high P.C.E., high 
density, and correct chemical composition. 

In considering slags and refractories we are dealing 
mainly with metallic oxides. In general, silica (SiO,) 
is the principal acid oxide. Lime (CaO), magnesia 
(MgO), manganese oxide (MnO), and iron oxide 
(FeO) are the principal basic oxides. Alumina (Al,O3) 
can react in either direction or be neutral in character. 
Considerable amounts of liquid oxides are formed in 
melting an air furnace charge, and these react with the 
sand in the charge or with the silica of the furnace 
lining to form a liquid silicate slag. 

Slag erosion can be reduced by some simple program 
of slag control such as frequent removal of slag and 
elimination of excessive oxidation of the metal. Some 
operators elect to add metallurgical limestone with 
the charge to make a fluid slag. Actually this is not nec- 
essary, for cold charges melted down correctly will 
very seldom produce a viscous slag, and in any event 
as the slag gains temperature it will also pick up 
fluidity. Limestone additions do produce a decidedly 
basic slag which will aid the other basic slag in- 
gredients in attacking the refractory lining. 

The number and thickness of brick to brick joints 
are also of importance. If the bonding agent is of 
lower quality than the refractory itself and the joints 
are excessively thick, and initial weakness has been 
incorporated in the furnace lining which no refrac- 
tory can eliminate. In setting firebrick in position a 
thin dip paste of high temperature cement and water 
should be used, the joints to be as close as possible, 
with just enough of the paste used to enable the brick 
to bed on one another. 
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After testing many different types and grades of 
refractories over a lengthy period of time, one was 
selected which most nearly incorporated the qualities 
necessary to meet our particular conditions. After 
this decision, experiments were carried out in an effort 
to determine what effect various types of wall con- 
struction and different refractory sizes would have 
on ultimate melting costs. 

Previously, large 9-in. straights were used in laying 
up the service linings of the side walls, with a 414-in. 
backup lining of regular 9-in. straights. The large 
9-in. straights were used mainly to obtain a lesser 
number of joints and to reduce still further the chance 
for erosion and metal penetration at the joints. Some 
saving in labor was realized, but not enough to offset 
the increased cost of the refractory. It was felt there- 
fore that further cost reduction is some way was nec- 
essary, and a systematic survey of refractory cost, life 
and operational factors was set up and followed 
closely, with the result that, regardless of the variables 
which enter into refractory life in furnace side wall 
applications, it was possible to increase the available 
life of the brick 3314 percent. 

The conventional air furnace side wall is usually 
constructed with a 9-in. service lining laid up with 
regular 9-in. straights, and with a 41,-in. safety or 
backup lining of the same size brick. It was observed 
that with this type of construction, and also when 
large 9-in. straights were used as the service lining, 
the following problem was encountered. After a cer- 
tain number of heats the service lining, through 
fusion and erosion, became so thin that it no longer 
adhered to the backup lining and began to sag and 
/or pull away. 

As this process progressed, cracks appeared and 
previously eroded joints sprang apart, forming open- 
ings which allowed the flame to get behind the service 
lining. As a result of this action, the service lining 
was heated from both sides and became softer and 
sagged even more until it finally collapsed and fell 
into the bath: Usually this action took place on the 
upper wall. It is not a desirable situation, but it does 
not prohibit finishing the heat in a normal manner. 
If the portion of the wall which collapses is large 
enough, however, there is danger of the bath’s float- 
ing the lower portion of the wall directly under the 
collapsed area, since there is nothing above to hold 
it in place. 

The 414-in. backup lining then is exposed to the 
flame action and usually is burned sufficiently to 
eliminate re-use of these bricks on the next furnace 
repair. Consequently, only 6 or 7 in. of brick 
are used serviceably, since 2 or 3 in. are lost when 
the service wall collapses. An additional section is 
lost when the 414-in. backup lining is used to finish 
the heat. This, of course, is an expensive procedure, 
and led to the elimination of the 414-in. backup 











Fig. 1 — Dimensions of sidewall. 
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lining above the slag line. This step precluded the 
separation of the two walls, but resulted in shorter 
side wall life since it was not feasible to support the 
bungs on only a few inches of brick as this wall be- 
came thinner. Further, in hot weather the amount of 
heat radiated through a side wall constructed in this 
manner made it difficult to work near the furnace. 

After numerous tests on varying means of construc- 
tion, a brick was selected that would eliminate the 
excessive number of joints and the 41,4-in. backup 
lining, but still retain a 1314-in. wall thickness above 
the slag line. With this type of construction, it now 
is possible to burn back to within a few inches of the 
furnace plates before replacing the walls, and still 
have sufficient footing at the top of the wall for the 
bungs to rest upon. The only disadvantage noticed has 
been that during the last two or three heats on these 
walls a greater amount of heat than normal is radiated, 
making it uncomfortble to work next to the furnace 
for any length of time. This heat loss is not, how- 
ever, sufficient to impair furnace operations. 

Because of the advantages of this type of construc- 
tion, furnace side walls now are built (above the 
slag line only) of a high heat duty, stiff mud brick 
of standard shape, 214 x 6 x 1314 in: Although these 
brick are more expensive than either the regular or 
large 9-in. straights, their use results in an overall 
cost reduction. 

In order to compare costs, let us consider a furnace 
with side walls 30 ft. long, 5 ft. above the bottom at 
the burner end, tapering to 214 ft above the bottom 
directly in front of the rear bridge wall, (See Fig. 1). 
Disregarding wall openings, we have a total area of 
225 sq. ft. 

Plan “A” (See Fig. 2) consists of constructing the 
furnace walls with regular 9 in. straights. Considering 





Fig. 2 — Sidewall construction (Plan A). 











Fig. 3 — Sidewall construction (Plan B). 


only the service lining, we find that a total of 2880 
bricks are needed. At the present base price of $114.00 
per thousand, the cost of the refractory alone is 
$328.32. This lining was found to be good for only 
ten heats. 

Plan “B” (See Fig. 3): consists of building the side 
walls with large 9-in. straights backed up with a 414- 
in. lining of regular 9-in. straights. Again, considering 
only the service lining, we arrive at a total of 1920 
bricks needed. At the present cost of $205.00 per thou- 
sand, brick cost alone is $393.60. This lining also lasted 
ten heats under normal operating conditions. 

Plan “C” (See Fig. 4) consists of constructing the 
side walls according to plan “B” to just above the 
slag line, and completing it from there on up with 
24% x 6 x 13\-in. straights. Considering only the 
service lining below the slag line (Area A, Fig. 1), 
we find that 512 large 9-in. straights are needed, at a 
cost of $104.96. For the balance of the wall, 1584 pieces 
of 214 x 6 x 1314-in. straights are needed. At the 
present price of $274.00 per thousand, these bricks 
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Fig. 4— Sidewall construction (Plan C). 


cost $434.02. Total refractory cost for this type of con- 
struction is $538.98. This lining was good for 15 heats 
during normal operations. Actual wall service as high 
as 19 heats has been realized. 

Figure 5 shows furnace side wall constructed in this 
manner after seven heats. Figure 6, the same wall area 
after 14 heats. The ultimate life on this particular 
lining was 18 heats. 

There is now underway a program investigating the 
feasibility of using super duty refractories in side wall 
construction. At the present time the available data 
shows promising results, with side walls lasting 
through 22 heats. Further, high alumina bricks are 
being placed in wall areas receiving severe service in 
an effort to eliminate minor repairs. Here again the 
governing factor will be cost. 


Cost Comparisons 
Assuming that the labor involved for the three types 





Fig. 5 — Sidewall atter 7 heats. 


Fig. 6 — Sidewall atter 14 heats. 
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of construction is the same, and that it takes 90 man- 
hours for each repair, at an average cost of $2.25 per 
hour, the labor cost is $202.50 per repair. 

The greatest saving is in labor cost. However, there 
is a saving of $3.43 per heat in refractory cost in Plan 
“C” over Plan “B.” 

Plan “C” has an additional economic advantage in 
that 10 in. of refractory brick can be used serviceably 
with no apparent danger of wall collapse. Other sav- 
ings which do not appear in the above calculations 
include: (1) No loss of backup lining brick in Plan 
“C” over both “A” and “B”; (2) no extra handling 
of backup brick lining, such as salvaging and relay- 
ing, in Plan “C” over both “A” and “B”; (3) one- 
third less consumption of large skews or special shapes 
upon which the bungs rest in Plan “C” over both “A” 
and “B”; and (4) since side wall life is extended 
331% percent, refractory unloading, freight and pallet- 
izing costs for side wall brick are correspondingly less. 
This saving was estimated to run about $3.00 per heat 
in our plant. 

Conclusion 

This new method of sidewall construction has re- 
sulted in an actual saving, over a one-year period, of 
five man-hours of repair labor per heat, and 172 9-in. 
equivalents of refractory bricks per heat. The total 
refractory decrease was not in side wall brick only, 
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but also in special shapes, bung, and bottom bricks 
due to more efficient operation and closer supervision. 
Actual savings in money totaled to over $30.00 per 
heat regardless of the tonnage melted. 

With the proper planning and supervision, existing 
practices can be bettered in many circumstances and 
under a variety of conditions. The possibility of the 
foregoing method being applied in other plants is felt 
to be good. An added incentive to the head of the 
melting department is that less work actually is con- 
nected with this method of installing side walls. 


DISCUSSION 


Chairman: R. H. Stone, Vesuvius Crucible Co., Pittsburgh, Pa. 
Co-Chairman: S. F. Carter, American Cast Iron Pipe Co., Bir- 
mingham, Ala. 


W. R. JAESCHKE!: Will the thermal conductivity through a 
1314-in. brick be the same as through a 9-in. plus a 414-in. brick? 


F. H. FANNING2: Mathematically, no difference could be calcu- 
lated, but there will be a difference due to the mortar used to 
join the 9-in. and the 41,-in. brick. Of perhaps more significance 
is the possibility that the composite wall will be built with a 
combination of a dense auger machine 9-in. inner lining and a 
regular power press 414-in. backup lining. The thermal conduc- 
tivity through the combination will probably be less than through 
a solid 1314-in. dense auger machine brick. 


1. Consultant, Whiting Corp., Harvey, Ill. 
2. Harbison-Walker Refractories Co., Pittsburgh, Pa. 
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CAST TITANIUM -SILICON ALLOYS 


By 
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ABSTRACT 

The object of this study was to investigate the 
mechanical properties of several cast titanium-silicon 
binary alloys. The ultimate and yield strengths were 
determined for several cast titanium-silicon alloys, from 
0.0 per cent silicon (commercially pure titanium) to 
3.06 per cent silicon. The ultimate tensile strength 
increased with silicon additions and reached a maxi- 
mum of 108,500 psi with the addition of 1.8 per cent 
silicon. The addition of 3.06 per cent silicon caused 
the tensile strength to decrease from the maximum 
value to approximately 75,000 psi. The elongation de- 
creased as the silicon content was increased. The alloys 
became quite brittle when a silicon content of 1.8 per 
cent was exceeded. The Charpy impact energy was 
determined over a range of temperatures (from -76 C 
to 100 C, -105 F to 212 F) for each of the alloys. The 
maximum energy absorbed at room temperature, for the 
alloys investigated, was 46 ft-lb for a 0.07 per cent 
silicon alloy. 

Introduction 

During the past few years extensive work has been 
done developing various alloys of titanium. However, 
due to the many inherent problems encountered when 
casting shapes of titanium the principal interest has 
been directed toward wrought alloys and their prop- 
erties. One such problem has been the choice of mold 
materials. Machined graphite or carbon are the only 
mold materials which can be used to produce ductile 
titanium castings free from surface contamination. 
The high thermal conductivity of graphite or carbon 
causes the molten metal to be cooled very rapidly. 
This rapid cooling hinders the production of cast- 
ings with thin sections and/or surfaces free from rip- 
ples. It is difficult to superheat unalloyed titanium 
sufficiently in present arc-melting furnaces to over- 
come the chilling effect of the mold. If the graphite 
or carbon mold is heated to a sufficiently high tem- 
perature to inhibit the rapid cooling, there is a tend- 
ency for the casting to stick to the mold. 

The addition of various elements lowers the melting 
point of titanium, therefore with a lower melting 
alloy a superheated condition could be achieved. The 
degree of superheat is one of the most influential 
factors affecting fluidity. Therefore the castability of 


*Metallurgists, Frankford Arsenal, Pitman-Dunn Laboratories, 
Philadelphia, Pa. 


a lower melting alloy should be better than that of 
the unalloyed material, other things being equal. 

However, the added elements should not only have 
the ability of improving the fluidity but in addition 
they should not adversely affect the mechanical or 
corrosion resistance properties of titanium. The ideal 
casting alloy would be one with good mechanical 
properties in the cast condition, a density equal to 
or less than unalloyed titanium, and it should not 
contain large amounts of elements which are not read- 
ily available, yet it should be castable into various 
forms and shapes. Both aluminum and silicon are 
generally suitable to the requirements listed above, 
with silicon being slightly more effective than alumi- 
num in reducing the melting point of titanium. (The 
equilibrium diagram for the system Ti-Si, at low sili- 
con contents is shown in Fig. 1.) 

In a previous investigation by Edelman and 
Tabak,!+ it was reported that an appreciable increase 
in tensile strength was found, over unalloyed titani- 
um, for cast binary alloys containing 4 to 6 per cent 
aluminum. Work by Goldhoff, et al.,2 showed that 
small additions of silicon increased the tensile strength 


7 See attached Bibliography for reference numbers listed in this 


report. 
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Fig. 1— System Ti-Si after Hansen, et al. 
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£ wrought titanium alloys, while Crossley and Kess- binary alloys of titanium. Therefore, the object of 
er,? have reported that a 6 per cent aluminum -0.5 this investigation was to determine the mechanical 
per cent silicon-titanium wrought alloy exhibited good properties of a series of cast titanium-silicon alloys. 
reep resistance and rupture strength at an elevated From the amount of information in the literature 
temperature of 800 F. However, the lack of available there is evidence? to justify the belief that small 
information on the cast properties and the conflict- amounts of silicon in a binary alloy could increase 
ing data for wrought titanium-silicon alloys necessi- the strength without materially reducing the ductility 
tated a study of the cast properties for this binary of such an alloy. 
system. 
Although it was reported? that small additions of - 
silicon increased the strength of the binary wrought Ow 
titanium alloys the magnitude of the strengths were i, 
not great enough to meet the desired properties of a 
high strength casting alloy. However, actual data on 
binary titanium-silicon alloys could be used as a g 
guide in future work on silicon additions to other + | - —____—. b 
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~ | TaBLe | — TENSILE PROPERTIES OF TITANIUM-SILICON ALLOYS 
Ultimate Yield 5 
"= ; % % Tensile Strength Elongation Reduction 
Specimen Silicon Silicon Strength, (0.2% offset) , Per Cent In Area Hardness Elastic 
a No. Added of Plate psi psi (1.4-in. gage) % BHN 3000Kg Modulus 
= 22 0.00 ae 49,300 31,600 42.1 58.6 111 - 
“i 24 0.00 , 46,900 31,100 $4.1 42.6 111 15.5 
AA-2 0.10 0.07 59,800 43,000 43.9 72.8 123 16.3 
AA-4 0.10 si 60,600 46,500 - 43.0 719 128 16.9 
T-2 0.10 0.09 64,700 51,400 30.7 63.2 143 - 
— T-4 0.10 ‘ 64,400 52,400 $4.1 67.0 143 - 
A-2 0.35 0.17 68,500 51,800 $1.4 59.7 148 16.0 
A-4 0.35 24 68,300 51,300 33.8 60.5 143 16.1 
~] B-2 1.00 noe 93,000 74,800 17.1 34.9 192 16.9 
| B-4 1.00 7 86,800 77,000 17.1 23.6 192 16.5 
C-2 2.00 182 100,500 97,300 1.4 1.6 229 17.3 
C-4 2.00 ie 108,500 99,500 1.6 44 229 17.2 
D-2 3.00 sii 70,400 69,300 0.07 25 235 173 
48 D-4 3.00 : 78,400 - - - 235 17.8 
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HNO:, 1 ml HF. 


Etched specimens of titanium-silicon alloys at a allo iti j - 
ys at a magnification of 500X. E —_— 2 2 
(Bottom Row), Etched specimens of titaniurn-silicon w - APM eve ts + rng 


Fig. 4B —(Top Row), 
magnification of 100X. 
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Fig. 5 — 0.07% silicon 

alloy tensile specimens 

43.5% Elongation, 72% 
Reduction of Area. 





Procedure 

1. Alloy Fabrication. The alloys were initially 
fabricated as pigs in a tilting arc melting furnace. 
The pigs were then loaded into a bottom-pour arc- 
type furnace (Fig. 2) and cast into a graphite mold. 
The mold cavity was in the form of a square plate 
which facilitated the removal of the castings from 
the mold and provided an adequate number of speci- 
mens from a single heat of a given alloy (Fig. 3). 
All alloys were made from duPont “Process A” ti- 
tanium sponge* and 30-80 mesh silicon metal (99.7- 
99.9 per cent pure). The double melting cycle used 
decreases the amount of volatiles in the metal and 
also decreases alloy segregation. The complete method 
of melting and casting has been reported in a pre- 
vious article.4 

2. Mechanical Tests. The tensile specimens em- 
ployed in this investigation were machined standard 
0.357-in. diameter tensile bars with a slight modifica- 
tion which provided shoulders rather than threads 
for holding the specimen in the testing machine. A 
1.4-in. gage length was employed using an Sr-4, PA-3 
(Post Yield) electric resistance strain gage on each 
tensile specimen. The specimens were tested in ten- 
sion with a Baldwin-Southwark hydraulic machine us- 





*Composition of “Process A” Sponge from E, I. duPont de 
Nemours & Co., Inc. 

litanium> 99.5 % Chlorides +=0.06% Oxygen= 

Iron < 0.06 % Carbon=0.02-0.04% 0.06 -0.10 % 


Nitrogen ¢ 0.009%, Hydrogen= 
0.006 - 0.009%, 
Magnesium= 


0.01 -0.05 % 
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ing a crosshead speed of 0.005 of an inch per minute 
and a load range of 20,000 pounds. 

Standard “V” notch Charpy specimens were tested 
with a Riehle impact testing machine having a ca- 
pacity of 220 ft-lb. The bath temperatures from which 
the tests were made were, -76 C, -105 F (dry ice and 
acetone mixture), room temperature, and 100 C, 
212 F (boiling water). Two specimens were tested 
at these temperatures for each alloy. One of the 
Charpy specimens was selected from the edge of the 
cast plate while the other was taken from the center. 
The notches were ground on the side of the impact 
specimens perpendicular to the bottom of the orig- 
inal cast plates. 

Hardness measurements were made with a Brinell 
hardness tester (3000 kilogram load) . 

Specimens of each alloy were polished, etched, and 
photomicrographs were made (Fig. 4). The polish- 
ing and etching procedures are similar to those used 
by Simmons and Edelman.5 

Results 

1. Tensile Properties. As the silicon content of 
the alloys was increased up to 1.82 per cent the ul- 
timate tensile strength increased to a maximum of 
108,500 psi. When 1.82 per cent silicon was exceeded 
the tensile strength decreased. As the silicon content 
of the alloys was increased the elongation decreased. 
The 1.82 per cent alloy exhibited only 1.5 per cent 
elongation. The type of tensile specimens used in 
this investigation are shown in Fig. 5. The modulus 
of elasticity increased from 15.5 x 10® psi (unalloyed) 
to 17.6x 10% psi (3.06 per cent silicon). The tensile 
properties of all the alloys are listed in Table 1, and 
plotted in Fig. 6. 

2. Impact Properties. The unalloyed material 
had the highest impact energy at all the temperatures 
which were used for testing. However, for the alloys 
which were tested, the room temperature energy was 
highest (46 ft-lb) for the 0.07 per cent silicon alloy. 
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Fig. 6 — Tensile properties of cast and wrought titanium- 
silicon alloys. 
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TABLE 2 — CHARPY IMPACT PROPERTIES OF TITANIUM 
SILICON ALLoys AT VARIOUS TESTING TEMPERATURES 











2 Alloy Energy at Bath Testing Temperature (ft-lb) 
& % Si —76 C (—105 F) 26 C (76 F) 100 C (212 F 
= hi 46, 50 60, 83 136, 160 
9 49, 95 85, 70 133, 151 
™ — 34 45 87 
: rig 35 416 73 
22 23 77 
: saad 23 23 87 
21 24 60 
aad 19 21 60 
30 36 40 
0.86 38 39 46 
5 5 7 
(9) 
on 6 5 13 
05 1.0 15 2.0 25 3.0 3.06 2 2 2 
PER CENT SILICON 3 2 3 


* Two separate heats of unalloyed titanium were tested 





Fig. 7 — Charpy impact energy vs. silicon content for cast 
titanium-silicon alloys. 
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Fig. 8-— Charpy impact specimen fractures for cast titanium-silicon alloys. 
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When the silicon content was increased from 0.0 per 
cent silicon (unalloyed) to 0.17 per cent silicon the 
impact energy decreased very rapidly. The addition 
»f 0.86 per cent silicon increased the impact energy 
with respect to the 0.17 per cent silicon alloy for the 
tests made at -76 C (-105 F) and 26 C (79 F). 
However, at 100 C (212 F) the impact energy of 
the 0.86 per cent alloy was less then the 0.17 per 
cent silicon alloy. The additions of 1.82 and 3.06 per 
cent silicon produced alloys which exhibited very low 
impact values at all the testing temperatures (Fig. 7, 
Table 2). A transition from a fine to a coarse frac- 
ture was observed in the 1.82 per cent silicon speci- 
mens. 

A completely coarse fracture was present in all 
specimens containing 3.06 per cent silicon (Fig. 8). 
The Charpy impact energy as a function of tempera- 
ture is plotted for the alloys tested in Fig. 8. The 
unalloyed, 0.09, 0.07, and 0.17 per cent silicon alloys 
exhibited a substantial increase in impact energy from 
room temperature to 100 C (212 F), however, all 
fractures were the same fine grained type, with no 
indication of a transition (Fig. 9). The data for these 
alloys at 100 C (212 F) were checked, and the sup- 
plementary tests verified these values. 

3. Hardness. The Brinell hardness of titanium- 
silicon alloys increased rapidly with small silicon ad- 
ditions and approached a maximum hardness of 240 
BHN (3000 Kg) for approximately a 2.5 per cent 
silicon addition (Fig. 10). 

Discussion 

The titanium-silicon system is representative of a 
group of titanium-base alloys characterized by a 
eutectoid decomposition of the beta phase. The prod- 
ucts of the eutectoid reaction are alpha titanium and 
the intermetallic compound Ti;Sig (Fig. 1). The 
formation of Ti;Si,; at the grain boundaries is very 
detrimental to the ductility and toughness of these 
alloys. In Fig. 4 it can be seen that the 0.07 and 
0.17 per cent silicon alloys exhibit a microstructure 
of very small quantities of fine Ti;Sig in a matrix 
of acicular alpha. Both of these alloys were relatively 
ductile and tough. When the silicon content was in- 
creased to 0.86 per cent, approximately eutectoid 
composition, the microstructure appeared lamellar. 
The impact energy absorbed by this alloy at -76 C 
(-105 F) and room temperature was greater than 
that of the 0.17 per cent silicon alloy at the same 
temperatures (Fig. 7). The reason for this is not fully 
understood at the present time. 

In the 1.82 per cent alloy a preferential network 
of Ti;Si, was beginning to form at the grain bound- 
aries. The ductility and toughness of this alloy was 
low and it is attributed to the presence of the brittle 
Ti;Sig at the grain boundaries. The weakening ef- 
fect due to the formation of this compound at the 
grain boundaries is further illustrated by the fact that 
the first partial coarse fracture for impact testing 
occurred at this composition (Fig. 8). When the net- 
work of Ti;Si,; was almost complete (3.06 per cent 
silicon) the ductility and toughness was extremely 
low and both the tensile and Charpy fractures were 
completely coarse. 
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Fig. 9—-Charpy impact energy vs. temperature for cast 
titanium-silicon alloys. 
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The large increase in tensile strength which ac- 
cording to Goldhoff, et al.,2 accompanied the addi- 
tion of 0.1 per cent silicon, could not be duplicated 
in the work at Frankford Arsenal. However, the al- 
loys tested by Goldhoff, were forged, hot rolled, and 
annealed; while the specimens used in this investiga- 
tion were in the cast condition. In addition, the gen- 
erally higher ultimate strengths, of the alloys tested 
by Goldhoff, may be attributed to the relatively high- 
er hardness sponge employed in the fabrication of 
those alloys. Work by Sutcliff® on annealed wrought 
tensile properties is in close agreement with the data 
presented in this investigation (Fig. 6). The agree- 
ment between the data of the wrought alloys used 
by Sutcliff* and the data from the cast alloys made 
at Frankford Arsenal may be attributed to the simi- 
larity in hardness of the base sponge used in both 
investigations. In addition the practically ideal uni- 
directional solidification of the castings made at 
Frankford Arsenal causes the cast properties to ap- 
proach those of forgings. 

The addition of silicon modified the modulus of 
elasticity from 15.5x 106 psi for the unalloyed ti- 
tanium to 17.5x 10° psi for the 3.06 per cent sili- 
con alloy. 

For all alloys except the 3.06 per cent silicon alloy, 
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a definite “cry” (similar to a tin cry) was heard 
when the tensile specimens were stressed slightly be- 
yond the yield strength. This phenomenon was also 
reported by Edelman and Tabak! for certain tita- 
nium-aluminum binary alloys. 

Since there is no accurate method of measuring 
the fluidity of titanium or titanium-rich alloys at the 
present time, tests of this type could not be made. 
The only indication of the fluidity was the nature 
in which the metal melted and poured, as observed 
by the operator of the furnace. It appeared to the 
operator that the titanium-silicon binary alloys melt- 
ed and poured in a manner similar to that of un- 
alloyed titanium. 

The addition of silicon does not have the effect 
of increasing the tensile strength of titanium to the 
magnitude exhibited by other alloys. However, in or- 
der to obtain the high strength realized when other 
elements are used for alloying titanium, appreciable 
quantities of these binary alloys must be added. At 
these alloy compositions and strength levels the duc- 
tility and machinability are generally poor. Other in- 
vestigators® have shown that by the addition of a 
small quantity of a third element the binary alloy- 
ing element can be reduced and the alloy may still 
maintain its high strength. The advantage realized 
from this procedure is an increase in ductility com- 
pared to the binary alloy. Silicon is an element which 
might be used in this capacity. 


Conclusions 


1. The titanium-silicon alloys studied in this in- 
vestigation did not possess as good tensile properties 
as those exhibited by other cast alloys of titanium. 

2. The addition of small amounts of silicon meas- 
urably increases the tensile strength but these ad- 
ditions have only a moderately detrimental effect on 
the ductility. 

3. When the eutectoid composition (0.9 per cent 
Si) is exceeded the compound Ti;Siz forms at the 
grain boundaries and embrittles the material. 

4. Silicon contents of 1.82 per cent and greater 
produce extremely brittle alloys. 
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Chairman: D. L. Cotwe.t, Apex Smelting Co., Cleveland. 

Co-Chairman: W. A. Maver, Oberdorfer Foundries Inc., Syra- 
cuse, N. Y. 

J. G. Kura (Written Discussion):1 Silicon as an alloying element 
in cast titanium does not appear to be desirable because of its 
adverse effect on notched-bar impact toughness and tensile duc- 
tility for a given strength level. Of interest is the fact that,some 
of the loss in toughness is regained in the eutectoid alloy tested 
at low temperatures. Thus, it may be possible that the titanium- 
silicon alloys could be useful in such special applications if it is 
the only alloy system that has this characteristic. 

As the authors have indicated in their conclusions, the titanium- 
silicon alloys are not superior in tensile properties to other cast 
titanium alloys. The value of the data reported cannot be dis- 
missed so lightly. Accumulation and dissemination of knowledge 
of this type is a necessary and important part of the growth of 
a titanium casting industry. The authors should be commended 
for reporting the results of their investigation. 

CHAIRMAN COLWELL: What precautions were taken to deter- 
mine the amounts of C and Op» and the hardening elements in 
the more brittle alloys? 

W. D. WALTHER:2 The author stated that the atmosphere above 
the melt was helium-argon of 8:1 ratio. Argon often contains a 
great amount of water vapor which could lead to high hydrogen 
content in the metal. Did the authors attempt to purify the argon 
in any way? 

When the impact specimens were taken with the notch length 
parallel to the bottom of the mold instead of perpendicular to 
the bottom did they find a difference in impact energy? 

L. H. McCreery:3 Regarding purity of helium is it not true 
that helium is refined by passing over titanium to remove oxygen, 
nitrogen and hydrogen? 

Messrs. ANTES AND EDELMAN (Authors’ Closure): Comments 
made by each discussor are appreciated. In view of Mr. Kura’s 
comments we would like to note that this investigation was not 
undertaken with the sole idea that silicon would be a desirable 
binary alloying element for titanium. The primary purpose was 
to use the data from this investigation as a guide in determining 
the feasibility of adding silicon as a third element to other 
titanium alloys. Since there were no data available in the litera- 
ture on the mechanical properties of cast titanium-silicon alloys, 
and the existing data for the wrought alloys were not in good 
agreement, it was felt that this study was an essential prerequi- 
site for future studies on ternary alloys of titanium containing 
silicon. 

From the data obtained in this investigation, it was determined 
that small amounts of silicon increase the tensile strength of 
titanium with only a moderate loss of ductility. Using these data 
as a guide we have added silicon to titanium-aluminum alloys and 
have produced an alloy containing 6 per cent aluminum and } 
per cent silicon which has an ultimate tensile strength of 150,000 
psi with 7.5 per cent elongation in the cast condition. This alloy 
has an all alpha structure. 

In reply to Dr. Walther’s question concerning hydrogen pickup 
from the helium-argon atmosphere, we ran hydrogen analyses on 
two of the silicon alloys. The results of these analyses showed the 
hydrogen to be from 43 to 47 ppm, an indication of a very small 
hydrogen pickup. It should be noted that the incoming sponge 
usually contains about 20 ppm of hydrogen. Therefore, no at- 
tempt was made to purify the argon or helium that was used. 

The authors were not aware of the refining process employed 
in the purification of helium. However, the use of titanium as a 
getter for oxygen, nitrogen and hydrogen is well known. 


1. Battelle Memorial Institute, Columbus, Ohio 
2. Ford Motor Co., Dearborn, Mich. 
$. Chance Vought Aircraft Co., Dallas, Texas 
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PRACTICAL METHODS FOR ATTAINING CONSTANT 
SENSITIVITY AND DENSITY IN INDUSTRIAL 
RADIOGRAPHY 


By 


K. G. Roberts* 


ABSTRACT 

To maintain high quality in ship radiography, Naval 
Research-Dockyard Laboratory, Halifax, N.S., has carried 
out fundamental experimental work on radiegraphic tech- 
nique for use in the field. Five aspects of radiographic 
procedure have been studied, the results of which have 
made it possible to attain consistently the best sensitivity 
over a wide range of thicknesses and material densities in 
a minimum time. It has been shown that for most routine 
examinations, it is preferable to use a 0.005-in. front and 
a 0.015-in. back lead intensifying screen so that a constant 
film density of 2.5 units can be achieved. A flat penetra- 
meter is preferred on the source side of the film and a 
lower limit is placed on the source to film distance accord- 
ing to the specimen thickness. To obtain a uniform film 
density with the optimum radiographic sensitivity, the 
tube kilovoltage should be varied with specimen thickness 
and material density. This technique offers the maximum 
differential absorption within the limits of the x-ray unit. 


Introduction 

Naval Research Establishment-Dockyard Labora- 
tory, H.M.C. Dockyard, Halifax is responsible for all 
the non-destructive testing in the R.C.N. Atlantic 
Command. 

This assignment covers ships, dockyard shops and 
private shipyards where construction and repair of 
R.C.N. ships are being carried out. Of all the various 
methods of non-destructive testing used, radiography 
is by far the most important and covers a wide variety 
of weldments, castings, and other components of vary- 
ing thickness and material density. 

The radiation sources available to cover this range 
are portable x-ray sets of 175- and 250-KVP capacity 
and a 330 mc cobalt 60 source. This work demands the 
highest quality radiography possible, and during the 
past two years Naval Research-Dockyard Laboratory 
has been building up a technique which will consist- 
ently give the high quality demanded under the 
widely diversified conditions found in the field, taking 
into consideration the limitations of portable sets and 
the necessity of using relatively non-technical opera- 
tors. 

The main requirement necessary to obtain high 
quality radiographs is to ensure that the sensitivity, 
the ratio of minimum detectable thickness to total 


*Naval Research Establishment, H.M.C. Dockyard, Halifax, 
Canada. 
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thickness, is at a minimum. It should be noted that 
in standard radiographic practice this is expressed as 
a percentage and in consequence the lower percentage, 
the greater the sensitivity. 

To place the technique for obtaining, under all con- 
ditions, what will be referred to throughout this paper 
as the best sensitivity, ie., the lowest percentage 
value, on a firm basis five aspects of radiography have 
been given detailed consideration: 


1) Penetrameters 

2) Film density 

3) Thickness of lead intensifying screens 
4) Geometric unsharpness 

5) Tube kilovoltage control. 


Theoretical Considerations 


Before presenting the experimental work it will, 
perhaps, be helpful to non-technical readers to put 
forward a few remarks upon the more fundamental 
aspects of the five sections mentioned above. 


Penetrameters 

Before sensitivity can be measured one must have 
some type of gage. Penetrameters are used for this 
purpose and three types are in general use—the step, 
the flat, and the wire and bead. Only the first two, 
which are commonly used on this continent, have 
been studied, and so far only those made of steel have 
been considered. 

Because of the very accurately simulated defects 
and the excess metal thickness inherent in the use of 
penetrameters, quantitative measurement of sensitivity 
by their means has been questioned. 

It is the consensus of present-day opinion that they 
should be only used as a guide for proper radio- 
graphic technique and not as a quantitative measure- 
ment of defect size upon which acceptance or re- 
jection of material is decided. 

Some attempts have therefore been made to ascer- 
tain which type of penetrameter is to be preferred 
and whether position in relation to the specimen is 
of importance, and to define at least some limit to the 
size of detectable defects. It should be noted that in 
practical industrial radiography, penetrameters should 
always be of a composition as close as possible to the 
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specimen under examination so that both suffer sim- 
ilar absorption. 
Film Density 

To obtain the optimum value of radiographic sen- 
sitivity, the film contrast must be maintained as large 
as possible. In the field, the simplest method is to use 
a fairly high contrast film and to achieve high film 
densities. The density values should lie along the 
steep straight line portion of the H & D curve. In 
gamma or x-radiography, the film density for a given 
film is usually controlled by the exposure time and 
the source to film distance. 


Lead Screens 
Lead screens are mainly used to produce good film 


contrast in relatively short exposure times. This is 
extremely important and advantageous in the field. 
Further, since lead has a high absorption coefficient, 
much of the scattered radiation is prevented from 
striking the film which would result in base fog and 
poor sensitivity. 

When using low voltage x-rays, the radiation en- 
ergy is not sufficient for. photo-electron emission to 
effect any intensification.1 In the medium voltage 
range the intensification is appreciable resulting in a 
factor of approximately 2. With high energy x- or 
gamma-rays the intensification factor is increased since 
the amount of forward photo-electron emission from 
the back screen, as reported by Harrington et al? is 
almost the same as the backward amount from the 
front screen. 

Because of its high absorption, a lead front screen 
can absorb many of the longer wave lengths of the 
x-ray spectrum which contribute to a high radio- 
graphic quality. Therefore, the proper thickness of 
the front lead screen is very important. 


Geometric Unsharpness 
To ensure maximum resolution of the finer defects 


the radiographic detail must be sharp. 

Of all the factors contributing to unsharpness of 
the image in a radiograph, the one we considered is 
usually referred to as “geometric unsharpness.” Halm- 
shaw* defines geometric unsharpness as “the width 
of the image of a point on the object.” Due to the fi- 
nite size of the apparent focal spot of an x-ray tube 
or the size of the isotope source in gamma-radio- 
graphy, this unsharpness is considerable but it can 
be minimized by maintaining a lower limit on the 
source to film distance. 

Geometric unsharpness can be calculated from the 
relation: 

at (1) 


U,= : 
Where a = apparent diameter of the 
focal spot. 
t = object to film distance. 
s = source to object distance. 


In practical radiography, the film is placed directly 
behind the object, therefore ¢ is small. However, in 
thicker sections where a defect is near the surface, 
remote from the film, the effect of t¢ is increased con- 
siderably, especially for a short source to film dis- 
tance. In practice, s can be considered as the source 
to film distance since it is much larger than ¢ and the 
error from this approximation is negligible. 
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Tube Kilovoltage 

In industrial radiography where the components 
to be examined vary widely in thickness and material 
density, a major problem is to produce the best sen- 
sitivity consistently and various special techniques 
have been used to obtain this end. 

Many of the exposure charts in current use relate 
exposure time to specimen thickness.1, 8 A considera- 
tion of Schwinn’s table* shows that the radiographic 
sensitivity in per cent depends on the thickness of the 
specimen and the energy of the radiation source. This 
suggests that for consistent sensitivity, radiation en- 
ergy has an important relation to specimen thickness 
and material density. 

In the case of an isotope, where the radiation en- 
ergy is constant, the best sensitivity value is limited 
to the thicker sections (for cobalt-60 over 3 in.). In 
x-radiography, however, where the effective energy 
of radiation is related to the tube kilovoltage,5 opti- 
mum sensitivity can be controlled over a greater range 
of thickness within the limits of the x-ray units avail- 
able. 

Consideration of basic principles shows that when 
too high an energy is used for a thin section contain- 
ing a defect, very little absorption will take place and 
the film will acquire its proper density before there 
will be a sufficient amount of differential absorption 
to enable the finer defects to be delineated. It should 
be pointed out, however, that the amount of absorp- 
tion will increase with materials of greater density 
which will result in improved sensitivity. 

If too low a tube kilovoltage is used, although the 
sensitivity is good, longer exposure times are re- 
quired to achieve the necessary constant film density. 
Long exposure times are not desirable in practical 
work, not only because of the time for exposure but, 
also, because they increase the time necessary for 
proper cooling. Further, long exposure times result 
in excessive scattering of radiation by the specimen, 
especially when the defect is not close to the film, 
with a loss in definition and sensitivity. 

The above considerations suggest upper and lower 
limits to the energy of radiation to be used for a 
given specimen thickness and material density for 
consistent radiographic sensitivity. 


Experimental Procedure and Results 


Penetrameters 

Experimental Procedure. The step and flat type 
penetrameters were compared with regard to their 
limitations as criteria for radiographic sensitivity. 

The step penetrameter is a strip of metal 14-in. wide 
and consists of five 14-in. steps of thicknesses 0.005, 
0.010, 0.020, 0.030, 0.040 in. Into the center of each 
step a %,-in. hole is drilled. The thinnest step, in 
which the outline of the hole is clearly visible on the 
radiograph, is taken as the minimum detectable thick- 
ness for that exposeure. 

The flat penetrameters consist of strips of metal 
Y-in. wide and 114-in. long, and are usualiy 0.005, 
0.010, 0.020, 0.030 and 0.040 in. in uniform thickness. 
In these penetrameters three holes are drilled whose 
diameters are 2t, 3t, and 4t, where ¢ is the thickness 
of the penetrameter. However, no hole is smaller than 
0.030 in. in diameter. The standard practice is to 
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consider the thickness where all the penetrameter de- 
tail down to the smallest hole is detectable on the 
resulting radiograph. This thickness divided by the 
specimen thickness and multiplied by 100 per cent 
gives the sensitivity value for that exposure. 

The early radiographic standards required the plac- 
ing of the penetrameter on the tube side of the spec- 
imen.6 However, in many cases in routine examina- 
tions, the penetrameter is placed on the film due to 
the difficulty of positioning the penetrameter on the 
specimen. Whether the position of the penetrameter 
affects the true value of sensitivity measured has been 
questioned. 

A series of radiographs were taken with steel pene- 
trameters of both types in two positions, a) on top 
of the steel specimen, and b) between the specimen 
and the film. The steel thickness was varied from 14 
to 114-in. The type of film, the thickness of the lead 
intensifying screens, the tube current, the tube kilo- 
voltage, and the source to film distance were kept 
constant. The exposure time was varied for each 
thickness to obtain a uniform density and therefore, 
constant film contrast. 

Experimental Results. From the results given in 
Table I, it will be seen that the sensitivities indi- 
cated by the step penetrameter are lower than those 
of the flat type. The values given for the flat type are 
for the smallest hole only, since fine detail is the main 
consideration. The step penetrameter with its larger 
hole, though appearing to give better values, is not 
as accurate as the flat type. 

The experiment also shows that the values of sen- 
sitivity obtained from the penetrameters on the film 
side of the specimen are lower than those from the 
penetrameters on the tube side. That is, the detail 
outline of the penetrameter is more clearly visible 
when placed on the film side. 

To express these results critically, the accuracy of 
the minimum detectable thickness of the penetra- 
meter is + 0.0025 in., half the value of the thinnest 
section. Therefore, the error in the values of per cent 
sensitivity varies + 0.5 per cent for the 0.5-in. plate 
to + 0.2 per cent in the 1.5-in. plate, showing that 
large errors exist in these results which are due to the 
penetrameters in question. The sensitivity values for 
the 0.25-in. and 0.5-in. plates are probably better than 
2 per cent and | per cent, respectively, but they are 
limited by the smallest thickness of the penetrameter 
which is 0.005 in. 

Film Density 

Experimental Procedure. To determine the lim- 
its of film density for the greatest film contrast, a 
series of exposures were taken of a 34-in. butt weld 
at 150 KVP and 8 ma. tube current. The exposure 


TABLE I 
PENETRAMETER SENSITIVITY 





Sensitivity, per cent 














Steel Step Type Flat Type 
Thickness,in. Tube Side Film Side Tube Side Film Side 
0.25 2 2 2 2 
0.50 l 1 1 1 
0.75 0.7 0.7 1.3 1.3 
1.00 0.5 0.5 1.5 1 
1.25 0.4 0.4 12 0.8 
1.50 0.7 0.3 1.3 1 
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time was varied from 15 sec to 8 min and the film 
densities of the parent plate and the thicker weld 
area were measured by a photovolt transmission den- 
sitometer for each exposure. Remarks on the visual 
delineation of the defects are also tabulated. 


TABLE 2—EFFECT OF FILM DENSITY ON SENSITIVITY 








Exposure Density, Density, AD 
Time Parent Metal Weld (Contrast) Remarks 
15 sec 0.43 0.30 0.13 Bare outline of 
weld visible 
30 sec 0.72 0.43 0.29 Bare outline 
seen 
1 min 1.33 0.67 0.66 Large defects 
just appear 
114 min 1.86 0.97 0.89 Large defects 
visible, center of 
weld too light 
2 min 2.52 1.18 1.34 Central weld de- 
fects seen 
3 min 3.28 1.64 1.64 Very high con- 
trast. Detail best 
seen 
4 min 4.10 2.41 1.69 Outline begins 
to get blackened 
out 
6 min 5.0 2.90 - Density too 
high; only cen- 
ter of weld vis- 
ible. Remainder 
black 
.010 


150 Kv., 8 ma., .015 Screens Dupont 506 film SFD—30 in., % in. 
weld. 





Experimental Results. The results in Table 2 
show that the highest contrast is obtained when the 
parent plate has a film density of over 3.0 density 
units and the weld under 2.0 units. With radiographic 
densities below that, only larger defects can be de- 
tected, and above that the edge of the weld begins to 
blacken out and defects in this area are not visible. 

Therefore, in the case of an unground weld bead, 
the film density of the parent plate should be approx- 
imately 3.0 units to obtain the best sensitivity for all 
possible defects in the weld. If the weld is ground 
flush or, in the case of a uniform thickness of material, 
a density of 2.5 to 3.0 units is desirable. 


Lead Screens 

Experimental Procedure. Experiments were made 
with various thicknesses of lead screens to determine 
which thicknesses are of optimum value. A standard 
exposure time was taken with a constant source to film 
distance, the only variant was the thickness of the lead 
used for the front and back screens. A 14-in. steel plate 
was radiographed on a high speed, high contrast in- 
dustrial film, using 150 Kvp x-rays, 4 ma. tube current 
and 2 min exposure time. The screens were varied from 
no lead, to 0.020 in. in various combinations. The spec- 
imen and film was “backed” by air which eliminated 
much of the back scatter radiation from external 
sources. A 0.005-in. flat type penetrameter was used in 
each exposure and the per cent sensitivity noted. 


Experimental Results. The results in Table 3 show 
that the radiographic density is highest with an 0.005- 
in. lead front screen and with no front screen. How- 
ever, in the latter case, most of the film blackening 
is due to the softer radiations scattered by the speci- 
men itself, the majority of which are absorbed by the 
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TABLE 3—EFFECT OF LEAD SCREENS UPON DENSITY 
.OF RADIOGRAPH 
% Sensitivity, 0.005-in. 











Front Back Film Flat Penetrameter 
Screen Screen Density 2t 3t 4t 
0.005 0.005 1.52 2 1 1 
0.005 0.010 1.58 2 1 1 
0.005 0.015 1.59 2 1 1 
0.010 0.005 1.19 2 1 1 
0.010 0.010 1.15 2 1 1 
0.010 0.015 1.16 2 l 1 
0.015 0.005 0.88 2 1 1 
0.015 0.010 0.94 2 1 1 
0.015 0.015 0.86 2 1 1 

_ 0.005 1.53 2 1 1 
_ 0.010 1.53 5 1 1 
_ 0.015 1.49 2 1 1 
_ 0.020 1.53 2 1 1 
_ — 1.09 2 2 1 
0.005 = 1.43 2 1 1 
0.010 _ 1.24 2 2 l 
0.015 - 0.97 2+ 2 2 
0.020 -_ 0.74 2+ 2 2 
0.020 0.005 0.65 2+ 2 2 
0.020 0.010 0.63 2+ 2 2 
0.020 0.015 0.62 2+ 2 2 


150 KV., 4 ma., SFD = 22 in., 2 min, Dupont 506 film. 





front lead screen. If this scattered radiation is allowed 
to fall on the film it tends to produce fogging. There- 
fore, the best sensitivity will be obtained by the use 
of a 0.005-in. front screen. 

Table 3 also shows that the film density is not ap- 
preciably increased by the addition of lead foil as a 
back screen. It would appear that the addition of a 
back screen of lead is not advantageous with regard 
to intensification, and the only limit on its thickness 
is that it be great enough to absorb the back scatter 
radiations from external sources. 


Geometric Unsharpness 


Experimental Procedure 
From the relation given for geometric unsharpness, 


[Theoretical Considerations (Geometric Unsharp- 
ness) ] the value a which is the effective focal spot 
area was determined experimentally. A sheet of lead 
0.080-in. thick, with a 4,-in. hole in the center, was 
placed midway between the target and the film. The 
reproduction of the focal spot on the film was meas- 
ured and the proper correction was made to allow for 
the finite size of the pinhole. To approximate s as the 
source to film distance and ¢ as the thickness of the 
specimen was considered legitimate. The maximum 
tolerance of U, was chosen as 0.005-in. 
Experimental Results 

The dimensions of the apparent focal spot of the 
x-ray tube corrected for the finite size of the pin hole 
was 0.14 x 0.12 in. 

To find the minimum source to film distance for a 
maximum unsharpness, equation (1) was used: 


at 
Ss= U, 
For a maximum unsharpness of (U,) of 0.005 in., a as 
0.14 in., ¢ as 0.5 in., i.e., a defect 0.5 in. away from the 


film, the minimum source to film distance is 


Ss 0.14 in. x 0.5 in. 
Pe 0.005 in. 
= 1|4in. fora 0.5-in. plate* 
*Note: The apparent focal spot size is a characteristic of the 
x-ray set being used and must be known or measured. 
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Therefore, by maintaining a minimum source to 
film distance at 14 in. the geometric unsharpness can 
be maintained less than 0.005 in. for any defect in 
an 0.5-in plate. The minimum source to film distance 
can be easily calculated for any other values of a, t, 
and U,, as required. 

Tube Kilovoltage Control 


Experimental Procedure 
The method of relating tube kilovoltage, hence en- 


ergy of incident radiation, with specimen thickness 
and density requires the associate dependency of ex- 
posure time on source to film distance. If a value of 
tube kilovoltage is first chosen which depends on the 
composition of the specimen and its thickness, then 
an exposure time can be calculated which is inde- 
pendent of the specimen for each source to film dis- 
tance. In this order the large change in intensity with 
a change of kilovoltage did not present a problem.5 

As a starting point, the SFD was chosen at 30 in. 
and the exposure time, determined by preliminary 
experimental work, at 4 min for steel.* 

Four step wedges of material most commonly found 
in routine examinations were made of the following 
thicknesses: 


Re RR oss ded cna lf-in. steps up to 2 in. 
| eer lfZ-in. steps up to 3 in. 
3) Aluminum ..... lZ-in steps up to 3 in. 
4) Magnesium ....14-in. steps up to $ in. 


*Note: A series of radiographs of a 1-in. steel plate with a source 
to film distance of 30 in. were taken at various tube kilovoltage 
settings from 150 KVP to 250 KVP with appropriate exposure 
times to give a uniform density of 2.7 units. Density measurements 
were taken of the penetrameter hole and the surrounding surface, 
and it was found that the difference in density approached the 
maximum value at 210 KVP and remained constant to at least 
150 KV. However, the exposure times were impractically long for 
the lower values of tube kilovoltage and, therefore, an exposure 
time of 4 min was standardized for the SFD of 30 in. 
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Graph I1—Film density—thickness curves for brass (110 KVP 
—250 KVP). 
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These step wedges were then radiographed at a 
SFD of 30 in. for an exposure time of 4 min for both 
steel and brass; but as aluminum and magnesium ex- 
hibit very little absorption the time was reduced to 
2 min for these materials. The densitometer readings 
of each step were plotted against thickness of mate- 
rial for each KV value and are shown in Graphs I-IV. 
At the constant film density of 2.5 units, tube kilo- 
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Graph I1—Film density—thickness curves for steel (110 KVP 


—250 KVP). 
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Graph III—Film density—thickness curves for aluminum (80 
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Graph V—Tube kilovoltage—thickness curves (density 2.5). 


voltage against material thickness readings were then 
plotted (Graph V). 


Experimental Results 


From Graph V, the kilovoltage applied across the 


tube can be easily determined for any thickness of 
magnesium, aluminum, steel or brass. After the x-ray 
head has been positioned and the source to film dis- 
tance (D,) measured, the exposure time (¢,) can be 
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calculated by letting D, = 30 in. and tg= 4 min for 
steel and brass in the relation. 


ty _ Dy)? @) 
te (D2)? 


With specimens of aluminum and magnesium the 
value of t, is 2 min. A table of exposure times for var- 
ious source to film distances from 15 in. to 30 in. has 
been calculated, which the operators can readily use. 


Discussion of Results 

Neither of the penetrameters that were studied 
proved the ideal criterion for radiographic sensitivity, 
and further experiments will be carried out with other 
types of penetrameters such as the slit and the wire 
and bead types, which may possibly be more severe 
critics of the technique and better criteria for radio- 
graphic sensitivity. 

The results shown in [Theoretical Considerations 
(Tube Kilovoltage) ] cannot be applied in general to 
any x-ray tube because of the anodic material and dif- 
ferent means of rectification, etc. Graph V is only ap- 
plicable to our 250 KVP. Triplett & Barton unit with 
radiographs taken on high contrast, high speed indus- 
trial x-ray film, with respectively 0.005 in. and 0.015 
in. lead front and back intensifying screens. Other 
films will require that appropriate correction factors 
be applied to the exposure time. A separate set of 
results will probably be necessary for other x-ray sets, 
lead screen combinations, or calcium tungstate screens. 

Further, in experimental work described in [Theo- 
retical Considerations (Tube Kilovoltage) ], the tube 
current was kept constant, as is the practice in most 
routine examinations. If it is necessary to alter the 
tube current values, simple corrections must be ap- 
plied to the exposure time using the reciprocity law.7 

A study of Graph V reveals some interesting points. 
The average slope increases with increasing material 
density for all materials studied. Magnesium and 
aluminum with the smaller absorption coefficients 
show the least slope and the greatest latitude, while 
brass and steel, with the higher coefficients, yield the 
greatest slope, and hence the greatest subject contrast. 

Further, the graphs for brass and steel are relatively 
straight lines while the graphs for aluminum and mag- 
nesium are curved. 

The increase in the slope of the curves for the 
lighter metals demonstrate greater latitude for the 
thin sections and greater subject contrast for the 
thicker sections. 

The voltage range, where this large increase occurs, 
will be further studied to determine the mechanism 
of this anomaly and the optimum conditions for the 
greatest subject contrast over the entire range of 
thicknesses. This procedure will be repeated without 
lead screens, and the half value layers of the various 
metals will be obtained for the different values of tube 
kilovoltage when the proper equipment is available. 

It would be helpful to know if lead screens can be 
used effectively as absorbers of the soft scattered radia- 
tions by the lighter alloys with no appreciable loss 
of sensitivity. Also, it is hoped to ascertain if the ab- 
sorption coefficient and the change of tube kilovoltage 
has any practical effect on the overall contrast for the 
best sensitivity. 
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Conclusions 

1) Experimental results show that consistent radio- 
graphic sensitivity can be obtained for steel, brass, 
aluminum and magnesium by the variation of the 
tube kilovoltage with specimen thickness, and thus 
exposure time can be related to source to film distance 
alone. 

2) This technique can be simplified by a set of 
tables for the use of non-technical operators. 

3) Of the penetrameters studied the flat type was 
the best gauge for sensitivity. 

4) More informative values can be obtained if the 
penetrameter is placed on the source side of the 
specimen. However, for thickness of 0.5 in. or less the 
more convenient position is justified. 

5) The best practical values of film density for the 
optimum sensitivity are between 2.5 and 3.0. 

6) For medium and high energy radiography the 
preferred lead thicknesses are 0.005 in. and 0.015 in. 
for the front and back screens respectively. 

7) Geometric unsharpness can be minimized by 
placing a lower limit on the source to film distance. 

The application of the results of this investigation 
has enabled radiography to become a more critical 
method of inspection and this was the chief objective 
of this work. With equivalent steel thicknesses of 11/- 
in. or less, sensitivities of 1 per cent or better are reg- 
ularly obtained with a 250 KVP x-ray unit and re- 
shoots are rarely required. 

From a practical standpoint, however, the question 
arises whether defects delineated by such a sensitivity 
are justifiable for rejection. Until such a time that 
more correlation between type and size of defect with 
mechanical tests can be determined, this question must 
be seriously considered by the inspector when making 
his final decision. 
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EMBRITTLEMENT, TOUGHENING AND SUBCRITICAL 
THERMAL TREATMENT OF MALLEABLE IRON 


By 


G. E. Kempka* 


ABSTRACT 

Commercial malleable irons of various compositions 
were used in this investigation. Effects of phosphorus 
and subcritical temperature thermal treatments on 
tensile and impact properties of malleable iron are 
shown. It was also found that malleable irons of many 
commercial compositions can have their mechanical 
properties varied appreciably by subcritical heat treat- 
ments. Cooling rate from about 1200 F is responsible 
for these property variations. Increased yield and 
tensile strengths were obtained with rapid cooling from 
1200 F to room temperature. An explanation is offered 
for the embrittlement phenomenon as well as the 

property variations due to cooling rate from 1200 F. 

Introduction 

The problem of galvanizing embrittlement in mal- 
leable iron is familiar to foundrymen. The cure for 
this behavior has been known for some time. The 
embrittlement phenomenon is characteristic not only 
of malleable irons, but can be found also in other 
ferrous and non-ferrous alloys. For example, steels, 
gray and nodular cast irons, antimonial 70 Cu-30 Zn 
brasses, some tin bronzes, copper-beryllium alloys and 
others show some degree of embrittlement depending 
on composition, thermal history of the alloys, and 
testing temperature. 

In this work, an attempt was made further to 
clarify the principles involved in the embrittlement 
and prevention of embrittlement of malleable irons. 
particularly with respect to chemical composition and 
subcritical thermal treatment. Secondly, it will be 
shown that the strength level of a malleable iron 
may be raised or lowered by subcritical thermal 
treatments. 

Embrittlement 

Early beliefs were that embrittlement might be due 
to the reaction of zinc with non-metallic constituents 
of malleable iron, i.e., phosphorus and sulfur.1_ An- 
other belief was that the pickling operation used 
prior to galvanizing was responsible for the diffusion 
of hydrogen into the metal, causing embrittlement. 

In the early 1920’s both Bean and Marshall proved 
that embrittlement of malleable irons was developed 
at the temperature used in the galvanizing operation 


* Project Assistant, Department of Mining and Metallurgy, Uni- 
versity of Wisconsin, Madison, Wis. 
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and retained by rapid cooling from that tempera- 
ture.3.4 They observed that the embrittled irons 
showed shiny, white, flat fractures in which cleavage 
followed along the grain boundaries. Phosphorus and 
silicon contents were found to be critical in the em- 
brittlement behavior. Bean determined the relation 
between the silicon and phosphorus content of the 
iron, and the embrittlement phenomenon as shown 
in Fig. 1. 

It was also learned that heating the iron to around 
1200 F, followed by water quenching, prevented em- 
brittlement. Common practice today, before galvaniz- 


150 





HOT DIP GALVANIZING PROCESS 


Silicon, Per Cent 


= Showed White Fracture 





Phosphorus, Per Cert 


Fig. 1 — Relation of embrittlement to phosphorus and silicon 
contents of malleable iron.* 
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ing, is to pretreat malleable irons at 1200 F followed 
by a water or oil: quench. 

In this investigation, the author used several sets 
of impact and tensile test bars to study the embrittle- 
ment and toughening of malleable cast irons. The 
bars were obtained from three sources: two commer- 
cial foundries and from the AFS Malleable Iron Re- 
search Project currently underway at the University 
of Wisconsin. Chemical compositions, particularly the 
phosphorus and silicon contents differed, as did the 
as-annealed mechanical properties. All malleable iron 
test bars were completely ferritic. In all subcritical 
heat treatments, the furnace was heated to the de- 
sired temperature before the samples were placed into 
it. The samples were held at the desired tempera- 
ture only long enough to insure a uniform tempera- 
ture within the sample. Tensile and impact testing 
were carried out at room temperature. All test bars, 
with the exception of those noted, were machined 
to eliminate any skin effects. 


Effect of Phosphorus on Embrittlement 


Phosphorus plays an important part in the em- 
brittlement phenomenon of malleable iron. An iron 
of the same C, Si, Mn and S contents, but with dif- 
fering phosphorus contents was tested in impact after 
various thermal treatments. The results are listed in 
Table 1.5 Those irons tested in the as-annealed con- 
dition (Iron A), had low impact strengths and 
showed partial brittle fractures as seen in Fig. 2. 
High phosphorus irons, A3, 4 and 5, were most sus- 
ceptible to the brittle type of failure. All of these 
irons, on receiving a thermal treatment at 825 F for 
15 minutes, followed by a water quench (Series B) 
were completely embrittled. Water quenching the 
irons from 1225 F before heating to 825 F (Series C) 
prevented any embrittlement from occurring. Series 
C irons were tough, and had a normal black fracture, 
shown in Fig. 2.5 


TABLE |] — EFrect oF PHOSPHORUS CONTENT AND SUB- 
CRITICAL THERMAL TREATMENT ON IMPACT 
STRENGTH OF MALLEABLE [RON* 











V-Notch 
Thermal % % % % % Charpy Impact 
Iron Treatment Cc Si Mn S P Strength, ft-lb 
AAI 2.33 1.14 0.38 0.081 0.141 5 
A2 Asannealed 2.33 1.14 0.38 0.081 0.156 4 
A3 2.33 1.14 0.38 0.081 0.178 21% 
A4 2.33 1.14 0.38 0.081 0.178 214% 
A5 2.33 1.14 0.38 0.081 0.233 2 
ABI 2.33 1.14 0.38 0.081 0.141 2 
B2 825F for 2.33 1.14 0.38 0.081 0.156 1 
B3 15 min, 2.33 1.14 0.38 0.081 0.178 1 
B4 He.Oquench. 2.33 1.14 0.38 0.081 0.178 1 
B5 2.33 1.14 0.38 0.081 0.233 1 





AC1 1225F for 2.33 1.14 0.38 0.081 0.141 104% 
C2 15min,H,O~ 2.33 1.14 0.38 0.081 0.156 1014 
C3 quench; & 2.33 1.14 0.38 0.081 0.178 1014 
C4 825Fforl5 2.33 1.14 0.38 0.081 0.178 1014 
C5 min, H,O 2.33 1.14 0.38 0.081 0.233 914 
quench 
*Data in Table I were reproduced from Reference 5. The test 
bars used to obtain the data were given to the University of 
Wisconsin by the Lakeside Malleable Iron Co., Racine, Wis. 
for further investigation. 
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Fig. 2— Fractures of impact specimens listed in Table 1. 
Lett to right, Irons C, B, A® 


Tensile bars with normal and high phosphorus 
contents were heated to 825 F, held 30 minutes and 
water quenched. Table 2 lists the resultant mechan- 
ical properties. The yield strengths of all the irons, 
low and high phosphorus contents, were not affected 
by the 825 F treatment. However, those irons with 
high phosphorus contents, BA3 and BB3, had their 
tensile strength and elongation severely reduced. 
These embrittled irons showed the characteristic brit- 
tle, intergranular fracture. Figure 3 shows the frac- 
ture surfaces of bars BB1, BB2 and BB3. The BB2 


TABLE 2 — Errecr OF PHOSPHORUS CONTENT AND 
THERMAL TREATMENT ON TENSILE PROPERTIES 
OF MALLEABLE I[RON* 











Rockwell 
Yield Tensile Elon- Hard- 

Thermal % Strength, Strength, gation ness, 

Iron Treatment P psi** psi % Rg 
BAI 0.120 36,000 50,000 13.0 68 
A2 Asannealed 0.195 38,200 54,600 15.0 73 
A3 0.302 44,000 57,900 16.2 77 
BBI 825 F 0.120 36,100 50,300 10.1 62 


B2 for 15 min, 0.195 39,550 54,150 144 69 
B3 He.Oquench 0.302 44,600 51,350 3.5 73 


*These irons had the following composition: %C, 2.45; 
% Si, 0.94; % Mn, 0.33. These irons were furnished by the 
Chain Belt Co., Milwaukee, Wis. The irons were tested in 
the unmachined condition. 

**Yield strength was determined by the 0.5% total elongation 
method. 








BBI BB2 BB3 


Fig. 3 — Fractures of tensile bars. Lett to right, BB1, BB2, 
and BB3. Properties of these irons are listed in Table 2. 
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bars, even though their tensile properties were not 
largely affected, had a partial brittle fracture. 

With increasing phosphorus content of this iron 
the yield and tensile strengths, the per cent elonga- 
tion, and the R, hardness increased. 


Metallographic examination of embrittled irons 
showed no differences between them with respect to 
the size, shape, or distribution of the ferrite grains, 
graphite nodules, or inclusions, nor any significant 
difference in grain boundary shape or width. A phos- 
phorus eutectic, steadite, which appeared in the 
white iron samples was not found in any of the tough, 
malleabilized specimens nor in any of the embrittled 
irons. An etchant, commonly used to indicate temper- 
brittleness in steels, showed no grain boundary dif- 
ferences between the embrittled and unembrittled 
malleable irons.® 

Fractured surfaces of both the ductile and embrit- 
tled bars were examined metallographically. The duc- 
tile fracture had a rough, jagged surface. The brittle 
fracture also showed a rough surface but only in part. 


There were many light reflecting surfaces which ap- 


Fig. 4 — Fracture surface of an embrittled iron (B5, Table 1). 
Top, Mag. —75X; Bottom, Mag. — 500X. 
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peared as white facets under magnification. Probably, 
these were grain surfaces. Examples of the reflecting 
facets are shown in Fig. 4. Examination of the sur- 
faces at low magnification shows these facets oriented. 
Figure 4 confirms the intergranular type failure 
caused by embrittlement. 


Effect of Pretreatment on Mechanical Properties 


Pretreatment is defined as heating the iron to be- 
tween 1200 F and 1300 F, and water quenching. This 
treatment will prevent embrittlement which may oc- 
cur at the galvanizing temperature. This aspect of 
the embrittlement phenomenon was studied with 
tensile tests of an iron which was given various ther- 
mal treatments. Table 3 lists the results. 


TABLE 3 — EFFECTS OF PRETREATMENT ON 
TENSILE PROPFRTIES* 














Yield' Tensile? Hard- 
Thermal Strength, Strength ness 
Iron Treatment psi psi % El. Rg Fracture 
Cl As annealed 35.200 48,200 98 65 Black 
2 Water quenched 34,900 48,600 8.7 67 Partial 
from 875 F Brittle 
3 Water quenched 
from 1300 F 42,300 53,000 102 72 Black 





4 Water quenched 
from 1300 F, then 
reheated to 1300 F 
and slow cooled. 34.700 48,000 9.1 65 Black 


5 Water quenched 

from 1300 F, then 

reheated to 1300 F 

and slow cooled, 

then reheated to 

875 F and water 34,500 17,900 78 67 Partial 
quenched. Brittle 





*The iron had the following composition: 

% C 2.40, % Si 0.96, % Mn 0.32, % S 0.10, % P 0.135. 

This iron was furnished by the Chain Belt Co., Milwaukee, 
Wis. 
1 Tensile bars were machined before testing. Yield strength was 
determined by the 0.5% total elongation method. 





Two major results of this treatment, other than 
the prevention of embrittlement are evident. First, 
an iron which was quenched from the pretreating 
temperature exhibited a pronounced increase in ten- 
sile and yield strengths, and also in hardness. Iron 
C3 had its yield strength increased by almost 20 per 
cent. The tensile strength and hardness were raised 
by about 10 per cent. 

Secondly, an iron which has been pretreated could, 
by slow cooling from the pretreating temperature, 
again become susceptible to embrittlement at 800- 
900 F. 

An interesting point is that the R, hardness of the 
iron appeared to be sensitive to whatever condition 
caused the embrittlement. All those irons which could 
be embrittled had low R, hardness values in com- 


parison to the pretreated irons. It can also be noted 
that the R, hardness changes followed the changes 


occurring in the yield and tensile strengths. 
This correlation between hardness and _ tensile 
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Taste 4 —Errect oF WATER QUENCH vs. SLow Coot From 1200-1300 F on TENSILE PROPERTIES 
OF MALLEABLE IRON 





























Cool Yield Tensile Elongation 

Iron %C % Si % Mn %P %S§ Rate Strength, psi Strength, psi % 

Bl* 2.45 0.94 0.33 0.120 — Slow! 36,000 50,000 13.0 
Fast? 38,000 53,100 13.3 

B2 2.45 0.94 0.33 0.195 _ Slow 38,200 54,600 15.0 
Fast 41,200 60,000 14.1 

Cc 2.40 0.96 0.32 0.135 0.10 Slow 35,200 48.200 98 
Fast 42,100 53,100 10.2 

Ds 2.37 1.10 0.39 0.130 0.085 Slow 34,000 52,100 22.4 
Fast 37,700 53,500 23.3 

E8 2.38 1.19 0.46 0.100 0.150 Slow 34,300 50,400 17.7 
Fast 36,600 51,700 18.0 

F8 2.34 1.12 0.32 0.124 0.088 Slow 34.850 52,100 23.4 
Fast 39,600 55,100 20.5 

H8 2.52 1.29 0.46 0.123 0.146 Slow 37,100 52,100 16.0 
Fast 39,000 53,100 16.6 

I* 2.20 1.00 0.36 0.110 0.096 Slow 33,800 49 000 14.3 : 
Fast $9,200 52,400 12.2 


*Bars BI and B2 were tested in the unmachined condition. All others were machined before testing. 

1Trons were cooled from 1200-1300 F at less than 50F per hour. 

2Irons were water quenched from 1200-1300 F. 

8Irons D, E, F, and H were furnished by the AFS Malleable Iron Research Project, Department of Mining and Metallurgy, Uni- 
versity of Wisconsin. 

‘Tron I was furnished by the Chain Belt Co., Milwaukee, Wis. 





TABLE 5 — ErFect OF CooLinc RATE FROM 1200-1300 
F on TENSILE PROPERTIES OF MALLEABLE IRON 


TasLe 6 — EFFrect OF SUBCRITICAL QUENCHING 
‘TEMPERATURE ON TENSILE PROPERTIES 
OF MALLEABLE IRON 























Yield Tensile Elonga- 
Thermal Strength, Strength, tion, Yield Tensile Elonga- 
Tron Treatment psi psi % Thermal Strength, Strength, tion, 
As annealed 33,800 49,000 143 Iron ‘Treatment psi psi To 
Furnace cooled As annealed 33,800 49,000 14.3 
I from 1300 F 33,900 49,300 13.6 Water quench 
% C-2.20 Air cooled I from 1000 F 34,200 49,400 12.5 
% Si-1.00 from 1300 F 38,000 52,000 12.8 %, C-2.20 Water quench 
Water quenched % Si-1.00 from 1100F 36,300 52,200 14.8 
from 1200 F 39,200 52.400 12.2 Water quench 
As annealed 35,200 48,200 9.8 from 1200 F 39,200 52,400 12.2 
Furnace cooled As annealed 35,250 48,200 9.8 
from 1300 to Cc Water quench 
1100F Air 36,200 49,100 11.0 %, C-2.40 from 1100 F 37,000 50,400 11.5 
cooled from % Si-0.96 Water quench 
Cc 1100 F from 1200 F 42,100 53,000 10.2 
% C-240 Furnace cooled 
% Si-0.96 from 1300 to 
1100 F, Water 37,000 50,400 11.5 Effect of Subcritical Thermal Treatment on 
are from Mechanical Properties 
Water quenched It is known that a thermal treatment at approxi- 
from 1200 F 42,100 53,100 10.2 mately 1200 F followed by a water quench will render 





a malleable iron immune to embrittlement. Suscepti- 
bility to embrittlement may recur if the iron is cooled 





properties can be used as a simple tool in the in- 
vestigation of the susceptibility to embrittlement of 
the iron. An example of this can be found in Table 
3, iron C. The as-annealed R, hardness was 65. After 
a thermal treatment at 875 F followed by a water 
quench, the iron was partially embrittled as evidenced 
by the trace of brittle fracture, and lowered elonga- 
tion. The R, hardness of a similar iron was increased 
to 72 by heating to 1300 F and water quenching. 
Subsequent reheating and slow cooling (slower than 
50 F per hour) of the latter iron resulted in a hard- 
ness level (65 R,) ‘akin to that of the as-annealed 
iron. Heating the slowly cooled iron to 875 F again 
rendered it partially embrittled. 


slowly from 1200 F. The mechanical properties of 
those irons rapidly cooled from 1200 F were at a high 
level, while those of the irons which were slowly 
cooled from 1200 F were at a lower level. 

Tensile bars were heat treated at a number of 
temperatures under the critical, and cooled at various 
rates. 

Generally speaking, water quenching malleable iron 
from between 1200 and 1300 F increases the yield 
and tensile strengths, while not seriously affecting the 
elongation. Table 4 compares the properties of irons 
which were water quenched from 1200-1300 F against 
those which were cooled from 1200-1300 F to room 
temperature at a rate slower than 50 F per hour. 
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Fig. 5—Graphs showing et- 
fect of subcritical temperature 
heat treatment followed by a 
water quench on Rockwell B 
hardness of malleable iron. 


Compositions of these irons varied from 2.20 to 2.52 
per cent C; 0.94 to 1.29 per cent Si; 0.33 to 0.46 
per cent Mn; 0.100 to 0.195 per cent P; and 0.088 to 
0.146 per cent S. 

Effect of Cooling Rate. The rate of cooling from 
1200-1300 F plays a major part in the upgrading of 
the yield and tensile strength of malleable iron. Ta- 
ble 5 shows that maximum increases result from wa- 
ter quenching the irons while air cooling or furnace 
cooling result in correspondingly lower strength 
values. Maximum ductility was obtained by a com- 
bination of cooling rates, i.e., iron C furnace cooled 
from 1300 to 1100 F and water quenched from 1100 F. 


Effect of Quenching Temperature. The increase 
of the strength also depends upon the subcritical tem- 
perature from which the iron is rapidly cooled. 

With the higher subcritical quenching temperatures, 
greater increases in tensile and yield strengths are 
found as in Table 6. Maximum elongation was again 
obtained by a water quench from 1100 F. 

As shown earlier, R, hardness follows increases in 
yield and tensile strengths. Two irons were used to 
more fully investigate this effect of quenching tem- 
peratures on the properties of malleable iron as evi- 
denced through hardness changes. The irons selected, 
AAI and AA5, Table 1, differed only in phosphorus 
content. The pair was clamped together with a ther- 
mocouple between them and placed into the furnace 
at the desired temperature, held for 15 minutes and 
water quenched. Rockwell (R,,) hardness values were 
taken after grinding off any adhering scale. 

Results are plotted in Fig. 5. Neither iron showed 
an increase in hardness until a quenching tempera- 
ture of about 800 F was reached. Here, a higher 
hardness than that of the as-annealed samples was 
obtained. A slight decrease in hardness was evident 
at 1000 F. As the treatment temperature was increased 
beyond 1000 F, the hardness increased as seen in 
Fig. 5. 










Effect of Subcritical Thermal Treatment on a 
Pearlitic Malleable Iron. A pearlitic malleable iron 
was investigated to determine the effects of subcritical 
thermal treatment on its mechanical properties. The 
iron had the following analysis: C, 2.20 per cent; 
Si, 1.00 per cent; Mn, 0.36 per cent; S, 0.096 per 
cent; and P, 0.110 per cent. The heat treating cycle 
for this iron was heat to 1600 F, hold at 1600 F 
for 40 hours, air quench, reheat to 1200 F and hold 
for 6 hours, and finally, air quench. The resulting 
microstructure is spheroidal Fe,C, graphite nodules, 
and ferrite. 

Table 7 lists the subcritical thermal treatments 


TABLE 7 — EFFECT OF SUBCRITICAL THERMAL TREAT- 
MENT ON A PEARLITIC MALLEABLE [IRON* 











Si 2 ¥& 934 
S: 8: ¢ 38« 
> 8 os 6 ZEc 
be ke bo s Ses 
S S & > > bd 
2 ¥ = 
Thermal 5-4 § 7] £ 
Treatment rs 5° 
As received 55,300 91,900 5.5 3.2 
Furnace cooled 
Effect of from 1300 F 55,100 89,100 6.2 2.7 
Cooling Rate Air cooled 
from 1300 F 56,600 89,100 5.5 4.1 
Water quenched 
from 1300 F 57,900 93,200 7.0 3.6 
Water quenched 
from 1000 F 59,800 97,300 6.2 2.5 
Effect of Water quenched 


Quenching from 1100 F 59,400 96200 62 3.0 
Temperature Water quenched 
from 1200 F 59,400 91,900 6.5 4.3 
Water quenched 
from 1300 F 57,900 93,200 7.0 3.6 


*Composition: % C, 2.20; % Si, 1.00; % Mn. 0.36; % S, 0.096; 
% P, 0.110. 
The bars were furnished by the Chain Belt Co., 
Milwaukee, Wis. The bars were machined be- 
fore testing. 
1 Yield strength was determined by the 0.5% total elongation 
method. 
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given the irons and the resulting properties. An in- 
crease was obtained in tensile and yield strength, par- 
ticularly after water quenching from 1000 F and 
1100 F. For these irons maximum elongation occurred 
with the 1300 F water quench. 

Discussion 

Mechanical properties of malleable iron may be 
varied appreciably through subcritical heat treatment. 
Tensile and yield strengths of irons cooled rapidly 
from the temperature range 1200-1300 F are at a high 
level. Ductility is little affected. Strengths of irons 
slowly cooled from the same range are lower. In ad- 
dition, those irons which are slowly cooled from 1200- 
1300 F, and are of suitable composition, are suscep- 
tible to embrittlement on heating to the temperature 
range 800-900 F. 

It is believed that the embrittling and strengthen- 
ing actions occurring within malleable irons are de- 
pendent upon two separate but yet related causes: 

1. Certain alloying elements present in the mal- 
leable iron, particularly phosphorus, carbon and ni- 
trogen. 

2. Subcritical thermal treatment of the iron after 
the malleabilizing process has been completed. 

Embrittlement. Since the brittle failure of malle- 
able iron is known to be intergranular, an effort 
was made to find a reason for failure at the grain 
boundaries after a thermal treatment at 800-900 F. 
Through an electron microscopic examination of em- 
brittled ingot iron one author has shown the cause 
of embrittlement to be the segregation of impurities 
at the ferrite grain boundary.? 

Since phosphorus content has a great influence on 
the embrittlement of malleable irons, it is felt that 
this element concentrates submicroscopically at the 
ferrite grain boundaries, and with suitable thermal 
treatment affecting the metal flow dislocations, causes 
embrittlement. 

Although no direct proof of the segregation of 
phosphorus to the ferrite grain boundaries exists, it 
appears reasonable according to the following theory 
of “equilibrium segregation.” 

Investigation has shown that solute atoms whose 
diameters are over 10 per cent larger or smaller than 
the solvent atoms, tend to be concentrated at the 
boundaries of the solvent grains. This is due to the 
presence of holes or discontinuities of irregular size 
at the grain boundaries. Odd sized solute atoms mi- 
grate toward and eventually fill the odd sized holes 
which can best accommodate them. This leads to a 
concentration without precipitation of the solute 
atoms at the boundaries of the solvent grains.®. 9.10 

Phosphorus atoms are about 12 per cent smaller 
than the iron atoms. According to the above theory, 
this difference in size may easily result in a grain 
boundary concentration, and hence embrittlement un- 
der certain thermal conditions. 


Strengthening of Malleable Iron. Malleable iron 
of any composition may be strengthened by heating 
to a temperature above 1000 F and rapidly cooling. 
This effect is believed attributable to the solubility 
of both carbon and nitrogen in ferrite at elevated 
temperatures, and their retention in the ferrite on 
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Fig. 6 —(Top), Iron-rich portion of iron-iton carbide phase 
diagram, illustrating solubility of C in ferrite.12 (Below), Iron- 
rich portion of iron-nitrogen phase diagram illustrating the 


solubility of nitrogen in ferrite. 


rapid cooling. Figure 6 shows solubility curves of car- 
bon and nitrogen in ferrite. At temperatures above 
1100 F, the ferrite can become saturated with carbon 
and nitrogen atoms quickly because of their very small 
size and rapid diffusivity through the ferrite lattice. 
Rapid cooling such a structure results in holding 
the carbon and nitrogen atoms within the ferrite 


lattice with an increase in hardness and strength. 


Slow cooling allows the carbon and nitrogen atoms 
to diffuse to boundaries whence embrittlement re- 
sults. An intermediate cooling rate such as air cooling 
is rapid enough for some degree of supersaturation 


and hardening to occur. 


This mechanism is well known in the age harden- 
ing reaction in low carbon steels as well as in many 


other non-ferrous alloys. 


Nitrogen can be expected to behave as does car- 
bon because of its size similarity. In another work, 
malleable iron was melted under atmospheres varying 
in nitrogen content and having the compositions list- 


ed in Table 8.13 Some of these irons were rapidly 


cooled at the end of second stage graphitization while 
others were slow cooled. The results as shown prove 
that increasing nitrogen content of the melting fur- 
nace atmosphere exerts a profound influence on the 


strengthening of malleable iron. 
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‘TABLE 8 — ErFect oF NITROGEN IN THE MELTING FURNACE ATMOSPHERE ON TENSILE PROPERTIES 
OF MALLEABLE [RON!3 





Increase in Properties 











Melting Yield Tensile Yield _ Tensile 
Furnace Iron Cool Strength, Strength, Elongation, Strength, Strength, % 
Atmosphere Composition Rate psi psi % psi psi Elongation 
2.44% C, 
0% No, 1.24% Si, Slow 35,000 50,800 16.9 
100 % CO 0.125% P Fast 35,300 51,300 17.1 300 500 —0.2 
0.0076% No 
2.52% C, 
65% No, 1.29% Si, Slow $7,100 52,100 16.0 
35% CO 0.125% P Fast 39,000 53,100 16.6 1900 1000 +06 
0.0089% No 
2.37% C, 
75% No, 1.10% Si, Slow 34,000 52,100 22.4 
25% CO, CO» 0.130% P Fast 37,700 58,500 23.8 3700 1400 +09 
0.0096% No 
2.34% C, 
100% Ne 1.12% Si, Slow 34,850 52,100 23.4 1% 
F 0.124% P Fast 39,600 55,100 20.5 790 5000 2.9 
0.0106 %No 





Conclusions 


The conditions under which a commercial malle- 
able iron may be embrittled or strengthened have 
been investigated. Some results have corroborated ear- 
lier works, while other data have shown new facts 
about the subcritical thermal treatment of malleable 
iron. The following conclusions may be stated: 

1. Slow cooling malleable iron from around 1200 F 
results in a low level of possible strengths, and a 
susceptibility to embrittlement. 

2. Rapid cooling malleable iron from around 
1200 F results in a high level of possible strengths, 
and a resistance to embrittlement. 

3. Embrittlement after heating to 800-900 F and 
water quenching occurs to the greatest degree in high 
phosphorus irons which previously had been slowly 
cooled from around 1200 F. 

4. Maximum ductility may be obtained by rapid 
cooling from around 1100 F, or above. 

5. An embrittled iron may be strengthened and a 
strengthened one may be embrittled by subcritical 
thermal treatments. 

6. The R, hardness indicates the strength level of 
a malleable iron, i.e., a rapidly cooled iron has a 
higher hardness than the slowly cooled iron. 

7. The effects of strengthening and weakening mal- 
leable iron by subcritical thermal treatments are 
great enough to mask property variations from other 
sources. 

8. Irons which were not considered susceptible to 
embrittlement because of their “safe” composition, 
can become partially embrittled through suitable sub- 
critical temperature thermal treatment. 
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DISCUSSION 


Chairman: C, L. Carter, Albion Malleable Iron Co. Albion, 
Mich. 

Co-Chairman: L. E. Emery, Marion Malleable Iron Works, 
Marion, Ind. 

A. W. BarpeENn (Written Discussion):1 I have read this paper 
with great interest because the thermal treatment applied to an- 
nealed malleable iron before galvanizing was patented in 1923 
by the Ohio Brass Co. This process prevents galvanizing em- 
brittlement by rapid cooling malleable iron from approximately 
1200 F to room temperature. Mr. Kempka’s paper was one of the 
few by American authors on this subject since the 1920's. Our 
knowledge of it has not remained fixed however, as Kikuta of 
Japan, Leroyer of France and Gilbert of England have added 
to our understanding of the thermal treatment of blackheart 
malleable iron. 

The statement that “Common practice today, before galvaniz- 
ing, is to pretreat malleable irons at 1200 F followed by a water 
or oil quench” was indeed broad and certainly not common at 
our plant. The phosphorus content of the malleable iron, with 
constant silicons, determines the tempering temperature and for 
the greatest economies in production and utilization of equip- 
ment, attention must be given to technical details. 

Our laboratories have produced curves, from hundreds of im- 
pact test specimens, to accurately correlate phosphorus, temper- 
ing temperature and impact strengths at room temperatures. A 
partial tabulation is presented below: 

Tempering Temperature, F 
Phosphorus, % 


up to.0.070 None required for 10 ft-lb Izod impact 
0.085 960 tial dial - a 
0.120 1000 Ss 
0.140 1020 as) eae ¢) 
0.160 1040 
0.200 1150 ne meer 4 sd 
0.250 1240 for 8 ft-lb Izod impact 


The silicon contents of the above malleable irons varied only 
between 1.11 and 1.13 per cent. The malleable iron specimens 
were from production heats, annealed with the normal casting 
loads and galvanized with regular runs of castings. 

G. N. J. Gmsert* in a recent B.C.1.R.A. research report also 
concluded that with 0.07 per cent phosporus and | per cent sili- 
con, there was little danger of embrittlement occurring at room 
temperature. This same conclusion was reported by Shepherd.” 

To effectively treat malleable iron castings against the danger 
of galvanizing embrittlement seldom requires an oil or water 
quench. The Ohio Brass Co. has used a water quench in former 
years but only to facilitate handling. Cooling from the second 
stage annealing temperature of approximately 1200 F to room 
temperature in 2 to 3 hr is as effective in preventing embrittle- 
ment as an additional subcritical thermal treatment. Kikuta‘ pre- 
sented a paper before AFA in 1932 and Parsons‘ published work 
that proved normal air cooling from electric annealing furnaces 
was satisfactory treatment to prevent loss of impact strength after 
galvanizing. 

I believe that the study of the effect of phosphorus on embrittle- 
ment should involve irons regularly produced in industry. Melting 
tonnages from duplexing operations far exceed the number from 
batch type melting units and normal phosphorus contents are 
expected to be 0.07 to 0.12. In Table I the lowest phosphorus 
content was 0.141 per cent. Although this value presents a pleasing 
picture of the effect of a thermal treatment on annealed impact 
strengths, it would be misleading to prospective consumers. Mal- 
leable iron has outstanding physical properties and figures should 
not be construed to give an unrealistic view of industry standards. 

The effects of pretreatment on tensile properties presented by 
Mr. Kempka substantiate present and past work by various metal- 
lurgists. Professor Enrique Touceda® carried out extensive experi- 
ments on the effect of pretreatment of malleable iron and reported 
the following conclusion in 1927: 

“Without exception there is a substantial gain in yield 
point, the lowest gain being 2476 lb and the highest 4703 Ib, 
the average of 11 heats being 3399 lb. In 6 cases out of the 11 
there was a gain in ultimate strength, the lowest being 1144 lb 
and the highest 5070 Ib. The lowest loss was 534 lb and the 
highest 1923 lb. In only 2 cases out of 11 was there a gain in 
elongation. The lowest loss was 1.83 per cent actual and the 


highest 13 per cent actual. 
The increase in yield point will be more than offset by such 


a loss in elongation.” 
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The validity of Mr. Kempka’s theory that phosphorus segrega- 
tion at the ferrite grain boundaries is the cause of embrittlement 
is questionable. Many theories have been advanced but none have 
been accepted. I believe a more acceptable theory would be a 
combination of Sawhill’s‘ on nitrogen and Kikuta’s* on carbide 
precipitation. Mr. Kempka has shown that increased nitrogen 
contents strengthen malleable iron. It is also known that increases 
in nitrogen content of iron incline to stabilize the carbide. Kikuta’s 
theory was that the carbide, which is very brittle at room tem- 
perature, separated from the metal on slow cooling and segregated 
at the grain boundaries of the ferrite, causing embrittlement. 


(a) Gilbert, G. N. J., “Galvanizing Embrittlement of Blackheart Malle 
able Iron,” B.C.LR. =~] "Journal of Research and Development, 1953 V.5. 

(b) poner’, H. , ron and Steel Industry, vol. 10, August 1937. 

(c) Kikuta, T., pact of Thermal Treatment on the Characteristics of 
ay Malleable Iron,” Trans, AFA, vol. 40 (1932). 

(d) Parsons, “Electric Annealing of White Iron,” Foundry, 11/53. 

(e) Touceda, Enrique, Corresp to b of American Malle- 
able Castings Association, January 1928. 

(f) Sawhill, J. M., Ohio Brass Co. Technical Report, October 1928. 


W. R. BEAN (Written Discussion):2 The author of the paper in 
Ref. 1 (“Deterioration of Malleable in the Hot-Dip Galvanizing 
Process,” Transactions, A.I.M.E., vol. 69, p. 925, 1923) and repro- 
duction of table, Fig. 1, from that paper is considered full acknowl 
edgment of credit for work done prior to 1923. It may be of interest 
to record here the fact that neither Marshall nor Bean were aware 
of work done by either prior to recording of the work done. 

A bit of past history may be of interest here, namely that prioi 
to the early part of this century malleable iron automatically con- 
tained silicon and phosphorus in amounts well balanced to fall in 
the range of “probable region of no deterioration” as shown in 
Fig. 1. The above fact is the result of the use of a high percentage 
of “charcoal pig iron” which was balanced in these elements, sili- 
con and phosphorus. 

At the time of my first work in the metallurgy of malleable iron, 
1905, many of the prominent producers were decreasing the use of 
and some had discontinued the use of charcoal pig iron and sub- 
stituted coke pig iron. In the 15 years to 1920 use of charcoal pig 
iron had been almost completely abandoned with resultant higher 
phosphorus content in the product. 

Galvanizing of malleable iron in this period had increased 
materially and the problem was put up to me on the basis that 
“embrittlement did not previously occur” and we should find the 
answer. Under some conditions analysis control was most logical 
and under others heat treatment served better and certainly Mar- 
shall deserves to be honored for his contribution to a very vexing 
problem. 

The author's treatment of the subject is regarded as painstaking 
and his conclusion logical. 

Nosunisa Tsutsumi (Written Discussion):3 I have read this 
paper with keen interest because I have also been studying the 
embrittlement of malleable iron for several years. I have recently 
published a paper entitled “Some Experiments on the Embrittle- 
ment of Malleable Iron” (Report of the Casting Research Labora- 
tory, Waseda University, no. 5, 1954) . 

This discussor has observed that there appears to be no differ- 
ence in the microstructure of brittle and non-brittle specimens. 
Therefore, continuous metallographic work was carried out on two 
specimens; one specimen exhibited a white brittle fracture when 
subjected to a bending stress, 0.05 mm/sec, and the other a black 
ductile fracture when subjected to impact at 4m/sec. With increas- 
ing stress by means of a hand vise, the microstructure was continu- 
ously observed then photographed. 

In the brittle specimen there appeared fine cracks in some fer- 
rite grain boundaries. Then these cracks propagated gradually and 
some new fine cracks appeared in other grain boundaries. The 
rupture of this specimen occurred abruptly intergranularly 
through the path of growth, and the fracture showed a compara- 
tively flat plane of silvery white color. These cracks which ap- 
peared in ferrite grain boundaries looked very much like fissures 
on the glaze on pottery. 

In the ductile specimen, however, no fine cracks appeared in the 
ferrite grain boundaries. With increasing load on both sides of the 
specimen, a crack originated from the peak point of temper carbon 
nodule then grew gradually transcrystallinely in ferrite grains. 
Microscopic observation showed that the paths of cracks were not 
all transcrystalline, some were intergranular. When any cracks 
crossed each other, two temper carbon nodules caused the rupture 
of a specimen showing black colored fractures. 





nf Ohio Brass Co., Mansfield, Ohio 
3. Waseda University, Tokyo, Japan 
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INFLUENCE OF VIBRATION ON FLUIDITY AND FILLING 
DURING INVESTMENT CASTING OF AN ALUMINUM ALLOY 


D. W. Levinson, A. H. Murphy and W. Rostoker* 


ABSTRACT 

Influence of vibration on the apparent fluidity of 
molten metal was evaluated by studying specially pre- 
pared aluminum alloy investment castings. Three alloys 
were studied, which represent three degrees of suita- 
bility for investment casting. Ability of molten metal 
both to enter small channels and to flow through small 
channels was found to be enhanced by the use of 
vibration, the intensity of vibration governing the de- 
gree of improvement. The results were rationalized in 
terms of the breakup of impeding surface films. 

Effects of the application of mechanical vibration 
during freezing on the properties of cast metal have 
been discussed frequently in the literature. A com- 
prehensive review of the published work1** has ap- 
peared recently. The review emphasizes the concen- 
tration of interest on the use of ultrasonic vibration 
frequencies but makes reference to one recent study? 
in which frequencies in the low audio range were 
shown to produce similar effects. 

There are specific advantages to the use of low 
frequency vibration, all of which are directly or in- 
directly concerned with the ease of producing high 
vibration power outputs. The advantages of using 
60-cps vibration, for example, are obvious given that 
the effect of such vibration is desirable. 

In earlier experiments conducted during this pro- 
gram, 50-lb ingots of an aluminum alloy were solidi- 
fied in thin-walled steel molds under the influence 
of vibration. It was observed that if small pin holes 
occurred in the welded seams of the molds, liquid 
metal spurted out only while vibration was applied. 
Such leakage invariably ceased as soon as the vibra- 
tor was turned off. This observation was taken to 
indicate the ability of vibration to inject liquid metal 
into constricted channels and thereby to increase its 
apparent fluidity. 

Preliminary attempts to demonstrate this quanti- 
tatively in wedge-type permanent mold fluidity tests 
were unsuccessful. It became apparent that this form 
of fluidity test was unsuitable because the traverse 
of the liquid metal was being limited by the chilling 


*Metals Research Department, Armour Research Foundation 
of Illinois Institute of Technology, Chicago, Ill. 
**References are appended to the paper. 
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action of the mold, which in turn could not be ex- 
pected to be influenced by the imposition of vibra- 
tion. It seemed reasonable, therefore, to infer that 
vibration might have an influence on apparent fluid- 
ity when that property is really limited by surface 
tension or surface oxide films. 

Experiments were designed to evaluate the effect 
of 60-cps vibration under these conditions of liquid 
metal flow. Two distinct aspects of liquid metal flow 
were examined, namely, the ability of liquid metal 
to enter small channels and the ability of liquid 
metal to flow through a constricting channel and 
both fill and feed a larger connecting channel. Both 
of these effects can be controlled by either surface 
tension or the presence of containing oxide films. 

The ability of a liquid metal to enter a constrict- 
ing channel is related to the fineness of detail which 
can be produced in a casting. The filling and feeding 
ability govern the gating and risering designs and 
thereby the ratio of weight of metal poured to that 
of the casting produced. 


Experimental Methods 
An investment casting arrangement was selected 
because of the convenience of incorporating small 
channels and of maintaining high mold temperatures. 
The performance of three aluminum alloys described 
in Table 1 was investigated. 


TABLE 1 — ALUMINUM ALLOYS SELECTED FOR STUDY 








Alloy Nominal 
Designation Composition Remarks 
356 Al-7% Si Best Al alloy for investment 
casting 
195 Al-4% Cu Can be used for investment 
casting, but not recommended 
220 Al-10% Mg Very poor fluidity — not 


recommended for investment 
casting 





Pre-alloyed pig was melted in a stainless steel pot 
precoated with sodium silicate and heat was fur- 
nished by a surrounding resistance furnace. Each 
melt was degassed thoroughly with chlorine before 
pouring. The efficiency of degassing was judged by 
a high vacuum (0.1 mm Hg) solidification test in 
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Fig. 1 — Pattern employed. 


which the evolution of hydrogen as bubbles is a re- 
liable indication of residual gas content. 

The pattern is shown in Fig. 1. The bulk of the 
pattern is made of lucite. Filaments of nylon in 
diameters from 0.063 in. to 0.003 in. served to form 
the channels. Rods which support the upper feeding 
ring were 0.125 in. in diameter. This design permit- 
ted an evaluation both of the ability to enter chan- 
nels ranging from 0.125 in. to 0.003 in. in diameter 
and the ability fill and feed the upper ring through 
the 0.125-in. channel. The patterns were assembled 
(by gluing) from siandard rod and tubing stock and 
commercially available nylon filament. 

The investment molds were prepared by dipping 
the pattern briefly in acetone to cause wetting and 
then into an aqueous slurry of an investment ma- 
terial. A proprietary wetting agent recommended for 
finely detailed castings was added to the slurry. When 
a suitably thick coat had been built up, the coated 
pattern was buried ‘in a flask filled with the same 
investment material. The investment was allowed to 
set after a vacuum de-aeration treatment. 

The air-dried molds were slowly heated (100 F 
per hour) to 212 F and held for several hours to 
remove all free water. The temperature was then 
raised to 600 F and held for several more hours to 
complete dehydration, and then slowly heated (100 F 
per hour) further to 1500 F to boil out the pattern. 
The molds were ready for use after furnace cooling 
to 700 F. 
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By making the investments in steel flasks, they 
could be bolted rigidly to the vibrator table. The 
vibrator itself was a 300-lb force output, electromag 
netic unit which vibrates at the line frequency (60 
cps) and whose amplitude can be controlled through 
the current input. The vibrator was calibrated with 
an electronic accelerometer and by an amplitude 
measuring device. The wave form was sufficient); 
close to sinusoidal to permit calculation of peak ac 
celerations from the amplitudes and frequency with 
out serious error. 

Degassed melts were poured at 1400 F with the 
vibrator in operation during the whole period of 
pouring and solidification. Freezing times were of 
the order of 10 minutes. Vibration peak to peak 
amplitudes were varied between 0.010 in. and 0.025 
in., which correspond to peak accelerations of 1.5 
to 4.5G, respectively. The vibrator was sufficiently 
powerful that the weight of mold, flask, and casting 
did not alter the amplitude. Test heats of each alloy 
were also cast without vibration to provide a basis 
for comparison. 

Results and Discussion 

The results of that portion of the program con- 
cerned with the influence of vibration on the ability 
of the melt to enter a channel of given diameter are 
graphically presented in Fig. 2. If by macroscopic 
observation the channel was filled in its uniform 
cross section to a height at least ten times its diam- 
eter, the metal was adjudged to have entered. An 
example of the appearance of the smallest wire cast 
(0.003-in. diameter) is shown in Fig. 3. It is con- 
siderably more than 10 times its diameter in length. 

Two aspects of these results are of particular sig- 
nificance. In the first place, as is shown in Fig. 2, 
the influence of vibration in promoting the entrance 
of molten metal into a small channel is very pro 
nounced. Alloy 356, which is commercially acknowl- 
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Fig. 2 — Effect of vibration intensity on fluidity of 
alloys studied. 
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edged to be able to enter a 0.030-in. diameter channel 
(a result qualitatively verified by the unvibrated 
casting of this alloy) will enter a 0.003-in. channel 
under the influence of a vibration intensity of 4.5 G 
acceleration. The same order of improvement was 
noted for all of the alloys, the comparative improve- 


ment being more pronounced in the ordinarily less © 


suitable alloys. It is notable that alloy 220 which, 
unvibrated, would not completely fill the upper ring, 
would enter a 0.007-in. diameter channel at 4.5 G 
acceleration through vibration. The order of desir- 
ability is not changed by vibration, but the magni- 
tude of difference in fluidity is substantially reduced. 

It is important to note that all of the alloys would 
enter channels one half or less of the limiting diam- 
eter under unvibrated conditions. Most of this bene- 
fit was achieved with low vibration intensities. Ac- 
tually it is not desirable to use much higher vibration 
intensities than used in this work, not only because 
the increase in apparent fluidity is insignificant but 
also because other problems* such as hot tearing and 
actual ejection of liquid metal from the mold occur. 

Results of that portion of the experiment designed 
to evaluate the influence of vibration on the ability 
of metal to flow through a small channel to fill a 
larger one are summarized in Table 2. 


TABLE 2— SUMMARY OF RESULTS OF CHANNEL 
Frow EXPERIMENTS 








Alloy 356 195 220 
Vibration intensity none (filledin none 2.5G 
required to fill top unvibrated 
ring standard) 

Vibration intensity 1.5G 2.5G 2.5G 
to fill upper vents 

Vibration intensity 3.5G >4.5G >4.5G 
to produce sharp 

edges 





The substantial difference between non-vibrated 
and vibrated specimens is evident in Fig. 4 which 
compares the standard and the 4.5G specimens of 
alloy 220. Similar but less dramatic effects were ob- 





Fig. 3— Photomacrograph showing cast 0.003-in. wire and 
nylon filament pattern. 
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Fig. 4— Photomacrograph showing top ring cast with 
220 alloy. 


served on the intrinsically superior investment cast- 
ing alloys. 

The criteria of filling chosen for Table 2 are rough 
measures of the ability of molten metal to flow 
through small channels, since filling the upper ring 
requires liquid metal to flow up through the two 
l%-in. diameter channels to the ring under an ever- 
decreasing head. The melt seeks its own level in 
completely filling the upper vents, while to produce 
sharp edges requires really complete filling (again 
through small channels) under a liquid head of only 
about 2 in. of molten metal. Thus the same general 
trend is observed as before. 

Summary 

The influence of vibration on two aspects of liquid 
metal flow during solidification has been evaluated. 
The ability of comparatively low vibration intensity 
to improve markedly the ability of metal both to 
enter and to flow through relatively small channels 
can best be rationalized in terms of the break-up by 
vibration of surface films which would otherwise im- 
pede or stop flow. This effect was most pronounced 
in the case of the Al-Mg alloy (220), an alloy for 
which the deleterous effects of heavy oxide films 
are well known. 

Since superficial oxidation of the surface of virtual- 
ly all metals and alloys can result in an apparently 
high surface tension, vibration of the type used can 
most likely be employed to improve the apparent 
fluidity in any instance where the rate of freezing 
is not the controlling factor. 
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DISCUSSION 


Chairman: H. ROSENTHAL, Pitman-Dunn Laboratories, Frank- 
ford Arsenal, Philadelphia. 

Co-Chairman: E. H. Mutu, Universal Castings Co., Chicago. 

W. J. WacuTER (Written Discussion): In 1952 the Brush Beryl- 
lium Company's Research and Development Department began 
a research p on the effects of vibration on molten metals. 
It was found that the low frequency vibration of pure copper, 
magnesium, and zinc and other metals during solidification re- 
sulted in grain refinement, degassing, and separation of impurities. 

These phenomena were dependent solely on power and inde- 
pendent of frequency (the frequency was varied from 20 cps to 
200 cps) . Further work at higher frequencies confirmed the above. 
Work done with various liquid slurries in an attempt to find the 
important physical phenomena that cause the separation of im- 
purities resulted in finding no changes in apparent fluidity or 
any other of the physical properties of the liquids during the 
vibration. 

The only explanation we have to date for the various phe- 
nomena due to vibration is the presence of fluctuating pressure 
gradients generated due to the vibration acceleration forces on 
the liquid and the particles suspended in it. The occurrence of 
the various phenomena being a function of the acceleration force 
and the phase relationship between it and the velocity of motion 
of the molten metal and the particles suspended in it. 

One of the most difficult problems in the application of vibra- 
tion to the casting of metals is to set up a proper control run on 
which to base the effects of vibration. Upon analyzing the vibra- 
tional forces acting on the molten aluminum alloy in the mold in 
the above mentioned report, it is found that there is a pumping 
force generated at the entrance to the vertical passages used to 
evaluate the fluidity of the molten metal. This force was zero 
during the control casting operation, and therefore, the control 
data in this paper cannot be used as a basis for comparing fluidity 
of the vibrated melts with that of the unvibrated melts. 

In order to eliminate most of the pumping force due to the 
vibration considered in these experiments, it would be necessary 
to apply the vibration in the horizontal direction to a mold with 
a long vertical pouring channel and with the vertical flow passages 
located in such a manner that h; >>hg and h,>>h, in Fig. A. 
(For further explanation see “Sample Calculations.”’) 
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The following analysis is of a very elementary nature and is 
not intended to present a complete mathematical analysis of the 
situation, The basic concept is believed to be sound although 
many of the more complex body forces are neglected. 
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SAMPLE CALCULATIONS ON VIBRATIONS OF 
INVESTMENT MOLD AT 4.5 g 
MAXIMUM ACCELERATION 
A. Vertical Vibration 








1. F=ma 
2 
2. F =p = hya 
2 
y aD hia, 
3. P, = ab? = phya, where a, = g 





4 
4. Pa = phyay for first half of cycle 
5. Pa=P, —- where a, = 4.5 g 


6. P4 max. = 5.5 P, for first half of cycle 
7. Pa max. = hg (aq — a,) 
= 35 P, 2 for second half of cycle 
1 
B. Horizontal Vibration 
1. P, = ph,a, 
2. Py = phga, + P, for first half of cycle 
3. Pa ri P, + P, for first half of cycle 
1¢s 
4. P= nate 
14s 
5. Thus, for the acceleration considered here, if h, is very large 
with respect to hg and hy, the first quantity in equations 3 
and 4 approach zero and P, = P, throughout the vibration 
cycle. 
The following gives the definitions of symbols used in above 
calculations: 











P, + P, for second half of cycle 


a = acceleration m = mass 
D = diameter of large flow passage P = pressure 
F = force p = density 


subscript d = dynamic 


g = acceleration of gravity 
subscript s = static 


h = length of acting liquid 

metal head 

W. D. WALTHER2: We have found vibration to be beneficial in 
increasing the mold filling capacity of permanent molds. The 
extent of this benefit was dependent upon the mold temperature 
of the permanent mold. This observation is consistent with ob- 
servations of the authors. We have used the permanent mold with 
and without mold wash and obtained equal mold filling capacity 
in either case. Some of the important considerations include (1) 
rate of heat abstraction from the molten metal by the mold (2) 
amplitude of vibration, (3) resonant frequency of the mold. We 
did not consider influence of different frequencies, but only used 
a 60-cycle electromagnetic vibrator. 

We have observed some undesirable effects of vibration also. 
Vibration appears to increase tendency for hot tears. If the molten 
aluminum alloy contains any gas in solution, the vibration in- 
duces cavitation and gas porosity on the surface of the casting 
faces. This phenomenon is neted especially on horizontal cope 
and drag surfaces. Vibration may also cause localized formation 
of dross spots on cope and drag surfaces, again arising from cavi- 
tation. 

We used vibration merely as a means to an end. That is, vibra- 
tion allowed us to completely fill an intricate impeller casting 
(with thin vanes) at a mold temperature 150-200 F lower than 
without vibration. The lower mold temperature produces higher 
thermal gradients in the solidifying casting, and with the higher 
thermal gradient are associated much higher mechanical proper- 
ties in the casting. (The relation between mechanical properties 
and thermal gradients is more fully discussed in a paper entitled 
“Techniques for Improving Strength and Ductility of Aluminum 
Alloy Castings” by W. D. Walther, C. M. Adams, Jr. and H. F. 
Taylor in A.F.S. TRANsACTIons, vol. 62, pp. 219-230, 1954). Any 
other means which would permit complete filling of the casting 
at a reduced mold temperature would have been equally beneficial 
to mechanical properties. 














SOME FACTORS IN PRODUCTION 
OF CLEAN STEEL CASTINGS 


By 
C. B. Williams* 





We have cut cleaning room labor by approximately 
5 man-hours per ton and percentage defective by a 
little more than 20 per cent by furnishing cleaner 
steel castings to the cleaning room. 

This has been done through the concerted effort of 
all departments of the foundry. To begin with, the 
heads of all departments meet daily to interpret pro- 
duction and cost factors from the casting blueprint. 

Preliminary work by the pattern shop foreman and 
the foundry technician allow a simple blueprint to be 
appraised in about 15 minutes. Among topics dis- 
cussed are the way the pattern should be constructed, 
heading and gating, cores, type of sand to be used, 
and cleaning. 

Notes kept by the foundry technician are used later 
by this committee when going over the finished pat- 
tern, determining the location and size of head, crack- 
ing ribs, gates, etc. 

Cost and standards departments take notes that al- 
low them to estimate closely production costs. 

An engineer should be present to point out design 
aspects that enable a cleaner and more serviceable 
casting to be produced. 


mixing is unnecessary and the heat is shanked on the 
small molding floor. Slag is skimmed from the shank 
ladle before pouring. 

Previous practice made it almost impossible to clean 
slag from the spout sufficiently to keep some of it 
from being picked up while pouring. Heats were made 
hotter to compensate for a loss of temperature while 
the ladleman attempted to clean slag from the spout. 

Now we pour molds until slag enters the pouring 
spout and don’t pay much attention to the amount 
of slag left in the spout at the end of the heat. We 
used to lose 150 to 200 lb of steel per heat because 
we stopped pouring before slag entered the spout. 
Now our loss is between 50 and 75 Ib per heat. 

We have little or no washing or scabbing in our 
work. Almost all is done in green sand, except for a 
few very heavy section jobs which require skin drying. 

Facing and core sand are made of all new sub- 
angular sand from two different sources. Screen an- 
alyses of these sands are shown in Table 1; molding 
mixtures are given in Table 2. We find the blended 


TABLE 1—NEw SAND SCREEN ANALYSES 
Per cent retained on Screens 


























One melting department operation that contributes 
to clean castings is thorough mixing of metal. Our Send we. 8 —s — 
procedure not only insures alloy dispersion, but also scoeem P (Calculated) 
Pte ° La Reeadl 20 15 0. 0.75 
cleans slag from the ladle spout that might be pick 30 35 08 2.15 
up during pouring. More uniform metal temperature 40 8.0 44 6.1 
is also obtained by mixing. 50 22.0 22.4 22.2 
Half of a 12,000-lb heat is tapped from the arc fur- a = vs ro 
nace at 2900-2940 F into the main teapot ladle. Crane 140 38 12.0 74 
scales weigh the first 6000 Ib. 200 L. 6.4 3.7 
We found that metal mixed best when part was 270 0.1 22 1.15 
poured into a 1500-lb ladle and returned to the teapot pan OL 14 _ 0.95 
ladle. This metal is poured on the large molding eee) ot 
floor. AFS No. 50.35 69.36 60.33 
Adding aluminum while filling the 1500-Ib ladle 
greatly reduces the tendency for it to ball up in the TABLE 2—NEw SAND FACING MIXTURES 
slag, thereby assuring a Type-3 inclusion and good Molds Small Large 
physical properties. Materials Per Cent Per Cent 
Metal left in the furnace is then heated to 3170- Sand No. 1 50 50 
3200 F (immersion thermocouple) in about 12-15 — No. 2 a a 
° ntonite S 
minutes. As alloys are added to the furnace further pcan ll es br 
*Works Manager, The Massillon Steel Casting Co., Massillon, Dextrine 0.4 0.4 
Ohio. Water $.6-4.0 4.0-4.6 
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sand with wide grain distribution makes hard, dense 
molds which seem. to have better expansion charac- 
teristics that result in less scabbing, buckling, and 
cope pull downs. Also, densely rammed sand provides 
the casting with a better finish. 

Although the sand used for large castings does not 
have the best flowability due to the amount of bond, 
it is preferred because it is not too brittle to handle. 
This sand, rammed to a minimum mold hardness of 
85, produces good finish with little or no washing or 
scabbing. 

Skin dried molds are first washed with two coats 
of zirconite wash of 65-75 Baume. Cores surrounded 
by heavy metal sections are also coated with zirconite 
wash. 

Very few large-casting defects occur from cope spall 
or pull down because molds are double poured when- 
ever possible. Two ladles pouring into separate gating 
systems fill the mold twice as fast as though it were 
single poured, thereby leaving little time for cope de- 
fects to develop. Ceramic tile gating systems are used 
for all large castings whether single or double poured. 

Gating systems are arranged to minimize splashing 
and mold washing. To make sure that metal contin- 
ues to flow throughout pouring, molds are sometimes 
inclined 10 to 15 degrees and metal run uphill. 


PRODUCTION OF CLEAN STEEL CASTING; 


It is very important that once pouring is started 
all parts of the mold are progressively and completely 
filled — allowing no metal to disperse or wash ove: 
the mold cavity surface. In other words, always try to 
arrange the gating system so that metal is poured on 
metal. 

Parting line gates are used on a large majority of 
small castings. Tangent gates are used when they help 
produce clean castings. Very few swirl gates are used, 
largely due to the very low yield involved. 


The gating system is choked 10 per cent from 
sprue to runner, to provide a straining action on the 
poured metal. Ingate area is enlarged so that metal 
will enter the cavity quietly. 


Dirty cope sides from pouring down neckdown 
heads is avoided by gating, whenever possible, just 
under the head so that the last metal entering the 
mold will come up through the neck leaving the hot- 
test metal in the head. 


About two years of strict conformity to these pro- 
cedures has cut cleaning room labor by 5 man-hours 
per ton. About one man-hour per ton has been saved 
in welding alone. Defective castings used to be 414- 
5 per cent; it is 314-4 per cent—an improvement 
of a little more than 20 per cent. 





A —rs =6—f5 i di te, hi | ie | i am 


< 








SURFACE AND INTERNAL BUBBLE CONTROL 
IN POURED INVESTMENT PLASTERS 


By 


J. N. Trant and R. G. Megaw* 


Experience has shown that a satisfactory formu- 
lated plaster mold for metal casting would meet the 
following requirements: 

. Tolerance for molten metals and alloys. 
. Sufficient refractory properties. 

- Quick fabrication. 

Good surface and detail. 

Dimensional accuracy and stability. 

. Freedom from cracks and warpage. 

. Ability to produce sound castings. 

. Easily removable from casting. 

Conventional metal casting plasters, that is, formu- 
lated plasters of talc and gypsum plaster, have met 
most of these requirements. However, there is room 
for improvement. The difficulty of obtaining uniform- 
ity in the refractory additives sometimes results in vari- 
ations in the degree with which metal casting plasters 
satisfy one or another of these requirements. The con- 
ventional plasters still depend to a great degree on the 
complete calcination of the mold. All water must be 
removed. This is time consuming and costly. Another 
feature of the conventional talc plaster combinations, 
is that with the exception of the Antioch process per- 
meability is quite low. 

In 1946 a formulated plaster containing a foaming 
agent was developed. Air is first incorporated into the 
plaster mix and then by proper mixing techniques the 
large air bubbles are broken down to a small size pro- 
viding pockets and channels which permit the gasses 
to pass through and escape. Since permeability is ob- 
tained without the inclusion of an excess amount of 
water the molds are stronger. 


Permeability can be controlled by varying the 
amount of air that is incorporated into the mix. Per- 
meabilities in excess of those of sand can be attained. 
Since only free water and not chemically combined 
water need to be removed, burnout temperatures are 
comparatively low which in turn decreases the ten- 
dency of molds to crack and warp and also keeps 
shrinkage to a minimum. 

This paper will concern itself with good surface and 
detail and ability to produce good castings. 


Cr Ae oon = 


*United States Gypsum Co., Chicago. 
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Fig. 1 — Photo of casting show- 
ing rough surface at top because 
surface of plaster mold in that 
area contained open air ceils. 





Surface Bubble Control 

It shall be demonstrated how the surface air cells 
of a foamed permeable metal casting plaster mold can 
be effectively controlled in order to produce a casting 
with good surface characteristics. 

One of the problems incident to the use of a foamed, 
permeable metal casting plaster is that of obtaining 
a smooth bubble-free surface skin on the mold. This 
problem is particularly acute on vertical or inclined 
surfaces. 

This investigation has shown that surface defects are 
caused principally by the failure of the air cells, which 
are intentionally incorporated into the plaster slurry to 
provide permeability, to rupture when the slurry comes 
in contact with the pattern. It is desirable that the air 
in the surface cells, and only in the surface cells, be 
dissipated so that there remains against the surface of 
the pattern a solid, continuous, bubble-free film of 
plaster which upon crystallization of the entire plaster 
mass becomes an integral part of a rigid matrix of inter- 
connected air cells. Failure to dissipate this air is not 
the only cause for the occurrence of bubbles on the 
mold surface but it is the most troublesome. Bubbles 
may also appear on the face of plaster molds if air is 
entrapped when the slurry is poured. 

A well made mold having a smooth, bubble-free skin 
will yield a casting whose surface is smooth and defect 
free providing that other contributing factors are con- 
trolled. These other factors include proper gating and 
risering, gas-free metal compatible with gypsum molds, 
properly dried molds, proper pouring temperatures, 
chilling, etc. 

Figure 1 shows a casting which demonstrates how 
the face of the mold can affect the surface character- 
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istics of the casting. The condition on the top resulted 
because the corresponding portion of the mold had a 
surface which was composed of open air cells. The 
smooth surface on the rest of the casting resulted be- 
cause the mold at this point had a surface free of air 
bubbles. 

Observation has shown that there are several ap- 
proaches to the problem of controlling external bub- 
bles. Possible solutions may be placed in two categories: 

1. Those which embody some external mechanical 
procedure such as painting, puddling, vibrating, rap- 
ping, slushing and impact casting; 

2. Those which employ parting compounds, wetting 
agents, oils, etc. as a treatment for the pattern surface, 
in order to effect a bubble-free surface as well as to 
release the pattern from the mold. 

This portion of the investigation concerned itself 
with the evaluation of these practices in order to deter- 
mine the most effective and practical means which may 
be employed to insure a smooth mold face. Tests were 
conducted using all the common pattern materials; 
wood, soft metal, aluminum, plastic, plaster and flexi- 
ble synthetics. In order to eliminate possible variations 
due to extraneous conditions not within the scope of 
this investigation, one set of patterns was used. Pat- 
terns were clean, relatively smooth and of good design. 
Those patterns which required it, because of their 
porosity or other characteristics, were completely 
sealed. Every effort was made that these tests might be 
uniform and the results reliable. 

It was found in the course of evaluating the mechan- 
ical procedures that painting, puddling vibration, rap- 
ping and slushing did serve to minimize the problem 
of air entrapment* however, they were not particularly 
effective in answering the greater problem of obtaining 
a pinhole-free mold surface. 

Not only did these procedures fail to have a notice- 
able effect in regard to rupturing the surface air cells, 
but some of them had an adverse effect on the internal 
structure of the mold. Painting and puddling tended 
to cause the small internal air cells to agglomerate into 
larger bubbles resulting in lower strength and lower 
permeability. Vibrating and rapping tended to cause 
a settling of the plaster particles of the slurry, resulting 
in a dense, hard and relatively impermeable face on 
the mold. 

Impact casting however was found to be a satisfac- 
tory solution to the two-fold problem; prevention of 
air entrapment and rupturing of surface air cells. 

Impact casting is the name given to the technique of 
spraying a thin film of plaster on the pattern and fill- 
ing the remainder of the flash with a poured slurry. 
It is theorized that the impact of the tiny droplets of 
plaster slurry forces all of the air off the surface of 
the pattern. This leaves a thin, continuous film of 
material which subsequently becomes a part of the 
plaster mass when the mold is poured. 


*Air entrapment, although a cause of poor mold surface, is not 
peculiar to permeable metal casting plaster but may, and many 
times does occur when pouring any plaster slurry. Careful pouring 
technique in most cases eliminates the problem. The plaster slurry 
should be poured on a flat and low area of the cavity and allowed 
to flow evenly and smoothly over the surface of the pattern, care 
being taken that the slurry does not bridge any sharp corners or 
indentations. 








Fig. 2— Photo (top) of flexible core box made of rubber-like 
polymer. (Bottom) Plaster core made in this box. 


Figure 2 shows a flexible core box made of rubber- 
like polymer. 

A thin plaster slurry was prepared and placed in the 
liquid container of an ordinary paint sprayer. The 
spray-gun was operated at an air pressure of 35-40 psi 
gage and the feed was adjusted to give a fine mist of 
plaster. The core box was then sprayed. The resultant 
film should be very thin. It was found that the thick- 
ness of the spray coat need only be sufficient to wet 
the entire surface of the pattern. 

A properly prepared slurry of permeable metal cast- 
ing plaster was then poured into the core box. After 
the plaster set into a rigid mass, the core was extracted. 
The finished core is pictured in Fig. 2. Note the 
minute detail and the complete absence of air bubbles. 

This method was successful with all of the pattern 
materials under investigation. With rigid patterns 
however, a parting compound is required and it was 
found that in most instances the desired mold surface 
can be achieved through the use of a parting com- 
pound. However, in those special cases where parting 
compounds do not give the desired results, impact 
casting can assure success. Impact casting is especially 
advantageous when used with flexible patterns, par- 
ticularly with patterns that exhibit intricate detail, 
such as those used in making aluminum molds for the 
manufacture of foam rubber articles. 

Investigation of surface treatments as a_ possible 
solution to external bubble control was principally in- 
volved in the evaluation of parting compounds. Wet- 
ting agents are not satisfactory because they tend to 
agglomerate the surface air cells and actually accentu- 
ate a poor condition. Oils simply serve as a release 
agent and have little or no effect on the surface air 
cells. 

Parting compounds are numerous; they have various 
properties and characteristics. An ideal parting com- 
pound should fulfill the following requirements: 

. Effect release of pattern from mold, 

. Be easy to apply, 

Leave no objectionable residue, 

Be effective with all pattern media, 

Be injurious to no pattern surface, 

Be non-toxic, 

. Be compatible with gypsum plasters, 

- Rupture all surface air cells. 
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During the course of this investigation a number of 
parting compounds were evaluated in the light of 
these requirements. All the common pattern materials 
were used in this study. The wood pattern was sealed 
with coats of shellac thinner with denatured alcohol. 
The gypsum cement pattern was similarly treated. In- 
asmuch as unsealed aluminum has an adverse effect 
on the release and surface of a gypsum plaster mold, it 
should be sealed with a coat of lacquer. The other 
metal patterns required no preliminary treatment. 

Of 13 parting compounds tested in this study three 
were found most effective in controlling external bub- 
bles. Table 1 shows how these three parting com- 
pounds performed when compared wtih the require- 
ments for an ideal parting compound. 


TABLE 1 — PERFORMANCE OF PARTING COMPOUNDS 














Release 
Mold- Horizontal Vertical 
Pattern Pattern Surface Surface Remarks 
Parting Compound No. 1 
Wood Very Good Excellent Very Good Consents wih ol 
Soft Metal Excellent m Excellent ja excelent sur- 
Aluminum v = - ‘aces — =< them 
. ” » * except flexibles. 
Plastic 
Plaster * . Very Good 
Flexible Very Good Fair Fair 
Parting Compound No. 2 : : 
Wood Very Good Excellent Good Cumeuttite . “an 
Soft Metal Excellent . " ene Guedient havi- 
Aluminum “ zontal surfaces and 
. ” ” » good vertical surfaces 
Plastic (A) with all but flexibles. 
Plaster Very Good ° 
Flexibles Very Good Fair Fair 





Parting Compound No. 3 


Wood Excellent Excellent Very Good Seaweed te anes. 
Soft Metal Excellent ‘ Excellent pattern media for 
Aluminum Very Good ‘3 t th horizontal and 

: ” ” vertical surfaces, but 
Plastic Excellent vapors are toxic and 
Plaster " 3 Very Good solvent will coften 
Flexible Very Good Good ey 


(A) Parting compound not evaluated under this condition. 
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Since in many instances it is necessary to part cope 
from drag, the parting compounds were tested for their 
effectiveness in, this application. Parting permeable 
metal casting plaster from itself is a particularly diffi- 
cult problem because it is so porous. It would be 
expected that if the drag were not completely sealed 
prior to the application of the parting compound, the 
parting compound would be ineffective. This was 
found to be true of all but one of the parting com- 
pounds tested. Parting compound No. 1, when applied 
to a freshly cast unsealed drag surface of a permeable 
metal casting plaster mold, will not only effect a good 
part, but the surface of the cope will have a smooth 
bubble-free skin. 

On the basis of these tests it is possible to recom- 
mend procedures by which the proper control of 
external bubbles can be assured. Table 2 outlines these 
procedures. 


Internal Bubble Control 

For a mold to produce good castings it should 
have a fair degree of permeability. The lower the 
permeability the greater is the trouble with gases. This 
has long been recognized by the foundry industry. 
Foundries using plaster molds have attempted several 
methods to overcome this difficulty and increase the 
permeability of their molds. 

The earliest answer was the mechanical venting of 
the molds with wires, etc. Techniques much the same 
as those employed by the sand molder were tried. Al- 
though this helped, it did not solve the problem. 
Various formulations of plaster and talc were tried. It 
was found that if talc, plaster, and an excess of mixing 
water were used to produce the mold a slightly higher 
permeability was obtained. These two methods namely 
mechanical, and incorporation of a fibrous material 
into the mix, singly and in combination, are still the 
basis for the most of the plaster work done in foundries 
today. 





TABLE 2 — RECOMMENDED PROCEDURES FoR EXTERNAL BUBBLE CONTROL 





Parting 
Pattern Compound Method of Removal of Rupturing of 
Pattern Material Treatment No. Application Entrapped Air Surface Air Cells 





Wood 


Soft Metal 


Aluminum 


Plastic 


Plaster 


Flexible 
Cope from drag 


Seal with several 
coats of thinned 
lacquer or shellac 


None 


Seal with a coat 
of thin lacquer 


None 


Seal with several 
coats of thinned 
lacquer or shellac 
Clean and dry 
None 


1 


2 (alternate) 
l 
2 (alternate) 
3 (alternate) 
1 


2 (alternate) 
1 
2 (alternate) 
3 (alternate) 
1 


None 


Applied with brush; excess 
removed with brush or clean 
cloth 


Applied with brush or spray 

Applied with brush; excess 

removed with brush or clean 
cloth 


Applied with brush or spray 
Applied with brush; excess 
removed with brush or clean 
cloth 
Applied with brush in gener- 
ous quantity; allowed to pen- 
etrate into surface for a few 
minutes; excess removed 
with brush or soft cloth 


Proper pouring tech- 

nique, puddling, rap- 

ping, very slight vi- 
bration 


Impact Casting 
Proper pouring tech- 
nique, puddling, rap- 
ping, very slight vi- 

brating. 


A function of the 
parting compound 


Impact Casting 
A function of the 
parting compound 





When using parting compound No. | it is not necessary to seal the gypsum plaster pattern. Application 
of the parting compound using the method prescribed for parting cope from drag is satisfactory. 
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Various techniques were developed and used in con- 
junction with them such as pressure casting, complete 
burnout of the mold, etc. Manufacturers of plaster 
provide plasters with a high consistency for this use. 
These plasters take a good bit of water and still set. 
The idea that the more water used in the mix, the 
more water will be dried out and the more voids there 
will be in the mold to absorb and vent the gases. 
Matchplate shops are good examples of foundries de- 
pending on these means to obtain adequate permea- 
bility. Other foundries doing static casting have also 
adapted these techniques to their use. 


Development of the Antioch Process 

The first new approach to this subject as made by 
Morris Bean when he developed the Antioch process 
about 15 years ago. In this process through the appli- 
cation of steam, heat and pressure, the internal crystal- 
line structure of the mold is altered. The resulting 
modified crystalline structure does result in molds of 
high permeability. With the introduction of foamed 
metal casting plaster to the market a new way for ob- 
taining desired permeabilities over a wide range was 
available to industry. 

Permeability in foamed metal casting plaster molds 
is dependent upon the incorporation in the mold of 
many small interconnected air cells. 

Such plasters require a special type mixer and a fair 
degree of skill on the part of the man making the mix. 
The mixing operation is one of the most important 
steps in handling of these foamed plasters. It is during 
the mixing that the air cells are formed and incorpo- 
rated evenly into the mix. The more variables that are 
introduced into this operation the greater is the prob- 
ability that unsatisfactory molds will result. Because 
of this it was felt that the generation of the foam and 
the mixing operation might better be performed sepa- 
rately as two operations permitting closer control. This 
has been done with marked success. 

An alpha gypsum cement containing refractory 
materials is available. It may be handled just like any 
conventional plaster. It should be mixed in the ratio 
of 50 parts water to 100 parts plaster by weight. This 
material is designed for use in conjunction with the 
separately generated foam for production of perme- 
able plaster molds and cores for metal casting. 

There is a companion material, a powder containing 
a foaming agent and plaster expansion controlling 
material and accelerator. This foam powder is added 
to water and the foam is generated either with the aid 
of a disk-type mixer or in a foam generator. 

Varying proportions of plaster slurry and generated 
foam are blended to obtain the desired permeability. 


Mixing The Plaster Slurry 

The first step is to weigh out the proper amounts of 
water and plaster. The correct proportion is half as 
much water as plaster on a weight basis. A typical mix 
would be 8 lb of plaster and 2 quarts of water (4 lb). 
The plaster is then sifted into the water and allowed 
to soak for from 30 to 60 seconds. The next step is 
to mix until a uniform consistency is obtained. At this 
point the slurry will appear to be somewhat creamy, 
it will feel slippery and tend to cling to the hand. 
Most conventional plaster mixers can be used. 


PouRED INVESTMENT PLASTERS 


Foam may be made in several different ways. There 
are various foam generators that will produce a satis- 
factory foam. A good foam may also be produced with 
a high speed disk mixer. In any case the foam powder 
is added to water to form a water solution. In the case 
of generation of foam with a high speed disk mixer 
add 1 oz foam powder for each 10 oz water by weight. 
Whip the mix until no water remains at the bottom 
of the bucket. Then by alternately raising and lower- 
ing the mixing disk break the bubbles down to a small 
size. Bubbles should be about the size of a pin head. 
There should be an absence of any large oversized 
ones. Proper foam will weigh within 14 oz of 414 oz 
per quart. 

If a foam generator is used it is necessary to adjust 
the strength of the solution, and the proportions of 
air and liquid entering the nozzle so that a foam of 
small bubble size within the density range mentioned 
is obtained. Too firm a foam will cause trouble in the 
blending operation. Too weak a foam will break down 
before the plaster sets. Foam begins to collapse almost 
immediately after it is generated so it is imperative 
that it is used rapidly. 

Blending Operation 

To a measured volume of foam add a measured vol- 
ume of plaster slurry. The mix is then blended. The 
blending operation can be carried on with the plaster 
mixer used to prepare the slurry. In the blending 
operation care should be taken to see that additional 
air is not drawn into the mix. A vortex should be 
avoided. Immediately upon completion of the blend- 
ing operation the mix should be poured. The foam 
powder contains a very efficient accelerator. It serves 
as a guard against the settling out of the plaster mix 
which insures uniform mold structure from the mold 
face to the mold back. This insures uniform permea- 
bility between low and high spots in the mold. 

Permeability varies with the ratio of foam volume 
to plaster slurry volume. As the ratio of foam to slurry 
decreases so does permeability. If equal volumes of 
foam and slurry are blended together permeabilities 
of plus 70 AFS units are obtained. 


Conclusion 

To insure good castings in permeable metal casting 
plasters it is necessary that controls be exercised to 
see that the surface bubbles are ruptured to insure 
good surfaces on the casting. It is also necessary that 
the internal bubbles be small and interconnected, uni- 
form in size, and dispersed evenly in the mold. 

This investigation has demonstrated that these re- 
quirements are best met by: 

1. Proper coating of pattern surfaces with appropri- 
ate parting compound or in the case of flexible pat- 
terns the use of impact casting. 

2. Blending of separately generated foam with 
plaster slurry. 
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MANUFACTURE OF HIGH-QUALITY, 
PRESSURE-TIGHT STEEL CASTINGS 


By 


John F. Wallace* 


ABSTRACT 


Production of pressure-tight, high strength castings in 
static sand molds is feasible and economic when the man- 
ufacturing technique is properly controlled. These com- 
ponents must be produced from sound, crack-free, clean, 
fine-grained steel, melted to definite chemical require- 
ments, through-hardened by quenching, and tempered to 
the required strength level. Necessity for each of these re- 
quirements and the production methods utilized to obtain 
these conditions are described in considerable detail. 

Particular emphasis is placed on the necessity for ob- 
taining a through-hardened structure for maximum tough- 
ness, the selection of chemical composition, and the 
special heat treating techniques employed. The special 
molding, melting, gating and risering, and rough machin- 
ing methods utilized are also discussed. The inspection of 
the castings for mechanical properties and casting defects 
including magnetic particle and radiographic examination 
are described. Precautions required for repair welding 
and the utilization of pressure tests are covered briefly. 


Introduction 

Utilization of high-quality steel castings for high- 
strength, pressure-tight, and impact-loaded compo- 
nents has proven to be feasible in many instances. These 
castings are employed successfully as alternates for 
steel forgings. Watertown Arsenal has produced many 
such high quality parts including breech rings, high- 
strength shells, and pressure-tight components of recoil 
mechanisms in static sand molds. When the manufac- 
turing methods are controlled so that high quality is 
assured, the castings frequently exhibit advantages 
over forgings such as, greater availability, more rapid 
delivery in times of national emergency, lower cost, 
and the absence of directionality. 

Control of the manufacturing technique to assure 
optimum quality requires definite limitations on the 
composition of the steel, melting and casting practice, 
and heat treating procedure. The ultimate objective is 
to. obtain sound, crack-free, clean, fine-grained steel, 
of the required chemical composition, and heat treated 
to a fully-hardened and tempered structure. Service 


*Formerly Director of the Rodman Laboratory, Watertown Ar- 
senal. Now Associate Professor of Metallurgical Engineering, Case 
Institute of Technology, Cleveland. 
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behavior, metallurgical investigations, and theoretical 
studies!» 2 have indicated that superior performance is 
attained in highly-stressed, rapidly-loaded, ordnance 
components when steel of high toughness or impact 
resistance is employed. 

The castings are manufactured to perform a specific 
engineering function and must be produced to certain 
mechanical properties and dimensional requirements. 
Some leeway in design is frequently possible, and ap- 
propriate consultations between the design engineer 
and foundry metallurgist invariably results in cast- 
ings that can be produced more economically and bet- 
ter serve their purpose. The strength level specified de- 
pends on the stresses applied to the part. 

It has been often possible to reduce weight and en- 
hance mobility by utilizing yield strength require- 
ments up to 140,000 psi for static sand castings and 
170,000 psi for centrifugal castings, although lower 





Fig. 1 — Stutting box casting produced with exothermic riser 
addition. 
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Fig. 2 — Risering, padding and gating technique for casting of stuffing box (Gilliam). Note: Padding is added internally 
by tapered cores. External surfaces have machining allowances as follows: 2 in. allowed on sides, back and front except 
for lugs which have % in. allowance. 
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levels are specified for components less severely 
stressed. The conditions of use also determine the 
level of toughness required. For those numerous parts 
subject to high stresses, high strain rates, and low tem- 
peratures in service, Charpy V-notch impact tests at a 
sub-zero testing temperature are specified. 


Melting, Molding, and Pouring Practice 


Soundness of the castings must be assured by attain- 
ment of the proper directional solidification. It is ob- 
vious that shrinkage will produce voids in the parts 
which act as stress raisers to initiate failure. Attain- 
ment of proper directional solidification requires the 
use of risers and frequently padding of sufficient di- 
mensions to assure proper feeding. This practice does 
decrease the casting yield considerably (it is often only 
50 per cent) but is necessary to assure high quality on 
these premium products. When an increase in casting 
yield is required or sufficient molten metal is not avail- 
able, the height of the risers can be reduced consider- 
ably by utilizing exothermic anti-piping compound 
applied to the risers. 

Figure | indicates the short riser height of a stuffing 
box casting produced with exothermic riser compound. 


Two typical examples? of the risering and padding 
required on these high quality castings are shown in 
Fig. 2 for a stuffing box and in Fig. 3 for an expansion 
tank casting. Particular attention is called to the heavy 
padding necessary to insure complete soundness. Even 
though the padding on the expansion tank required 
considerable boring during rough machining, produc- 
tion of these parts proved to be economically feasible 
when proper manufacturing methods were utilized. 

The sand mold, core making, gating, and pouring 
practice must also be closely controlled. Sand molds for 
high quality steel castings are prepared with new fac- 
ing sand, usually of the green sand type. Washed, 
screened, and dried New Jersey silica sand of about 
AFS fineness No. 65 was employed with 3.7 per cent 
western bentonite, 0.8 per cent cereal and 3.8 per cent 
water. Zirconite sand is employed in any areas in which 
penetration proves to be a problem. The molds are 
rammed very hard, washed with either a silica flour or 
zirconite flour wash and skin dried with a torch im- 
mediately after drawing the pattern. If necessary, the 
molds are again skin dried before they are closed for 
pouring. 


The cores are produced from new sand, with a small 
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Fig. 3— Risers, pads and gates utilized for expansion tank casting (Gilliam). Notes’ (1) A— Machining allowance. 
(2) Rough machined casting shown in dashed lines of sectional view only. 








amount of cereal, and a good grade heavy core oil. 
Under severe conditions, a layer of silica flour or zir- 
conite core facing is utilized. Pouring is accomplished 
either from lip, teapot, or bottom-pour ladles. Fig- 
ure 4 shows pouring of a heat of breech rings from a 
lip-pour ladle. The slag must be carefully cleaned from 
the ladle and held back on this type of pour. 

A pouring basin of considerable capacity is generally 
employed with about a 114-in. diameter sprue and 
gates of slightly smaller area. This relatively small 
sprue is employed to insure a filled pouring system and 
a minimum of turbulence and erosion. Double in-gates 
of a slightly larger area than the runners are usually 
employed, direc'ed to avoid impingement on a core or 
entrapment of slag. A typical gating system for the 
casting of a breech ring is shown in the cut-away mold 
section sketch* contained in Fig. 5. The sprue and 
gates for the stuffing box and expansion tank castings 
are shown in Figs. 2 and 3. 

Steels employed for these high quality applications 
must be fine grained. Necessity of this fine austenitic 
grain size to obtain optimum toughness has been con- 
firmed by a large number of investigators.5- 6 Influence 


of grain size on the toughness of quenched and tem- 
pered steel as measured by the transition curve for a 
Charpy V-notch impact test is shown in Fig. 6. It is the 
usual practice to employ aluminum as a grain refiner 





Fig. 4— Pouring of heat of breech ring castings. 
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Fig. 5—-Cut away perspective view of breech ring mold 
(Diran, Schmidt and Taylor). 


and deoxidizer in such amounts to insure a 0.02 to 0.06 
per cent residual aluminum metal in the solidified 
steel. This percentage of aluminum has been shown to 
be the most desirable,? and other work indicates that 
it is preferable to titanium or vanadium in obtaining 
maximum impact resistance.7: 8. 9 

In order to insure optimum toughness, it was gen- 
erally believed necessary to employ steels of sufficient 
hardenability so that they could be fully hardened to 
a martensitic structure.1® 11 It has been reported that 
optimum toughness is attained with a bainitic struc- 
ture.12 These results, however, were applicable to very 
high strength steels. Experimental work with both 
small and large sections within the strength range of 
the castings normally produced has shown that tem- 
pered martensite or mixed martensitic-bainitic micro- 
structures provided impact resistance that was at least 
comparable to tempered bainite. 

In addition, many of these alloy steels cannot be 
transformed completely to bainite and the equipment 
for the attainment of bainitic structures is not gener- 
ally available for heavy sections. Accordingly, it is 
preferable to quench the parts to martensite or a 
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Fig. 6 — Effect of grain size on energy required for fracture 
of Charpy V-notch impact test for NE 8640 steel tempered 
to R. 34 hardness (Jatte and Wallace). 
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Fig. 7 — Effect of heat treatment on Charpy V-notch tough- 
ness of alloy steel (Hurlick). 


martensitic-bainitic structure. Only in the case of com- 
ponents requiring strength levels in excess of 200,000 
psi should heat treating to a completely bainitic struc- 
ture be considered. 

The attainment of this fully hardened structure is 
considerably more important than the particular chem- 
ical composition utilized, although some preferences in 
the type and amount of alloy have been found. Figure 
7 demonstrates the variation in impact resistance at- 
tained with different heat treatments for the same 
steel; Figure 8 shows the comparatively small differ- 
ence in toughness for a variety of different cast steels 
through-hardened to martensite before tempering. 

Experimental work14 with cast steels at Watertown 
Arsenal has indicated that an optimum combination 
of tensile and toughness properties are attained with a 
chromium-nickel-molybdenum composition. The rela- 
tive amounts of these alloys are determined by the sec- 
tion size which must be hardened throughout. Molyb- 
denum is desirable not only to increase the harden- 
ability, but also to reduce temper embrittlement.15. 16 
It is advantageous, therefore, to employ molybdenum 
contents of at least 0.20 per cent although not more 
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Fig. 8 — Comparative toughness of various tempered marten- 
site steels R. 30 hardness (Climax Molybdenum Co.) 
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Fig. 9 — Influence of 
composition on tough- 
ness for cast steels. 
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than 0.60 per cent is advocated. While the actual 
amounts of nickel and chromium depend upon the 
hardenability requirements, it is usually preferable to 
add these materials in a 2 Ni to | Cr ratio.14 

The amount of manganese added is also a matter of 
considerable importance, because of the marked in- 
fluence of this alloy on the hardenability. Even though 
manganese is not as strategic or expensive as other 
alloying elements, it has been found desirable to utilize 
manganese in the 0.60 per cent to 0.80 per cent range 
rather than in larger amounts for optimum prop- 
erties.14 The influence of variations in the manganese 
content on toughness!4 is shown in Fig. 9 and the 
effect of relative nickel-chromium ratios on the tough- 
ness is demonstrated in Fig. 10. 

Close control of the carbon content is necessary for 
the attainment of the best toughness and the reduction 
of manufacturing difficulties. A range of carbon from 
0.25 per cent to 0.35 per cent has proved to be most 
suitable. The lower carbon contents are usually em- 
ployed for the steels with a somewhat lower strength 
requirement; whereas, the higher carbon contents are 
utilized for the higher strength material. When the 
carbon content is in excess of 0.40 per cent, inferior 
toughness results. In addition, carbon exerts a decided 
effect on the quench cracking susceptibility,17 and 
difficulty from this source is generally experienced in 
the higher carbon ranges. In general, the carbon con- 
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tent should be kept to the minimum required to attain 
the desired strength. 

Laboratory experiments!5 and production practice 
have demonstrated that low phosphorus and sulphur 
contents are necessary. It is the practice in these high- 
quality, high-toughness steels to maintain the sulphur 
content below .03 per cent and phosphorus below .02 
per cent. Increasing the phosphorus in steels decreases 
the impact resistance markedly by raising the transi- 
tion temperature from ductile to brittle failure.15 
High percentages of sulphur lower both the tensile 
ductility!® and the toughness. This effect is associated 
with the formation of undesirable inclusions in cast 
steel. 

These limitations on sulphur and phosphorus make 
it evident that either extremely rigid scrap control or 
a basic practice is required to obtain the necessary 
steel refinement. It has been generally the practice to 
manufacture these steels in the basic electric furnaces, 
although some basic open hearth furnaces have also 
been utilized. The marked influence which phos- 
phorus exhibits on the toughness characteristics 
makes it desirable to maintain as low a level of this 
element as possible. 

It has been shown that the gaseous contents of these 
steels should be kept to a minimum. Experimental 
evidence1® indicates that nitrogen (in the form of 
nitrides) will decrease the impact resistance of cast 
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Fig. 11 — Hot acid etch. 
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steels and may, at times, cause extreme brittleness by 
producing a “rock candy” or intergranular fracture. 
An example of this brittle fracture and photomicro- 
graphs of this embrittled structure are contained in 
Fig. 11. 

Hydrogen is undesirable because of the resulting 
decrease in tensile ductility and increase in the sus- 
ceptibility both to flaking and to quench cracking. 
It is advisable to utilize a vigorous boil during the 
refining period and to prevent contamination of the 
molten steel from moisture, in order to assure a low 
gaseous content. All ladles, runners, spouts, etc., 
should be thoroughly dry and it is frequently nec- 
essary to preheat the ferro-alloys and other furnace 
and ladle additions, particularly those made after the 
heat has been blocked. 

In addition to the requirements for soundness and 
the absence of such defects as sand inclusions and non- 
metallics previously discussed, excessive segregation in 
the castings should be avoided. This is accomplished 
by the use of as low a pouring temperature as feasible 
and as rapid solidification as possible. Chill molds are 
used under some circumstances and the section size 
reduced where possible. The deleterious effect of mass 
with accompanying segregation an nonmetallics on 
the tensile ductility is very marked?® and even the 
toughness is reduced in heavy sections as shown in 
Fig. 12. For this reason, as well as to increase the 
production rate, chill molds are frequently employed 
for thick-walled centrifugal castings. 
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Fig. 12 — (Wallace, Savage and Taylor). 


Heat Treating Practice 

A rather involved processing technique is often de- 
sirable to assure economic manufacture and the de- 
velopment of optimum mechanical properties in 
these alloy steel castings. The parts are usually per- 
mitted to cool to below 300 F before they are removed 
from the sand mold. They are then subjected to a 
1750 to 1900 F normalizing treatment and frequently 
rough machined. In cases where difficulty is experi- 
enced in machining the parts in the normalized con- 
dition, a high temperature draw is employed 
following the normalizing in order to provide a more 
machinable, spheroidized microstructure. 
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The castings are rough machined before heat treat- 
ment to assure the more rapid quench that results 
from the thinner sections and machined surface. When 
the section sizes are thin or toughness and strength 
requirements reduced, it is possible to quench the 
parts in the as-cast dimensions and avoid this addi- 
tional processing and expense. 

Attainment of optimum mechanical properties re- 
quires utilization of a drastic quench in order to 
through-harden the steel essentially to martensite. 
The difference in the impact resistance obtained on 
materials which have been subjected to various types 
of cooling from the austenitizing temperature has been 
shown in the literature!® 11 and is indicated in 
Fig. 7. 

The austenitizing temperature must be sufficiently 
high to insure essentially complete solution of the 
carbides, so that the hardenability effect of these al- 
loying elements can be realized. The austenitizing 
temperatures are usually 1600 to 1650 F. It is fre- 
quently preferable to equalize the castings slightly 
above the critical range (at 1450 to 1500 F), before 
quenching to reduce quench cracking and enhance 
the efficiency of the quench. 

It is recommended that time-temperature-transfor- 
mation curves of the type?! shown in Fig. 13 for a 
cast steel of a composition frequently employed for 
these heavy-walled steel castings be studied before a 
detailed treating technique is developed. This graph 
not only provides information on the rates of cooling 
required but also supplies other needed data, such 
as the critical and Ms temperatures and rates and 
product of transformation at various temperatures. 
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Fig. 13— Time temperature transformation plot for cast alloy steel (Heheman and Troiano). 
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A drastic quench is best obtained by agitation in a 
water quenching bath that is maintained below 80 F. 
While it would be expeditious and provide the op- 
timum cooling conditions to quench these castings 
cold in water, this frequently cannot be performed 
in the thicker or more complicated steel pieces be- 
cause of quench cracking difficulties. Sometimes these 
difficulties can be avoided by the use of special spray 
quenching!7 or insulating devices, but it is usually 
advisable to employ an interrupted quench. 

The type of quench found to be most feasible is an 
interrupted type in which the casting is held in water 
for a sufficient period so that it equalizes at approxi- 
mately 350 F. Then, it is removed from the water and 
permitted to remain in air for approximately 5 min- 
utes. Figure 14 shows some centrifugally cast gun 
tubes after removal from the water tank during this 
interrupted quench. Following this equalizing period 
in air, the tube is immersed in oil and held until be- 
low 150 F. By this method, the occurrence of quench 
cracks is minimized and a through-hardened structure 
obtained with a minimum alloy content. 





Fig. 14— Cast gun tubes after removal from water quenching 
tank during interrupted quench. 


The castings are removed from the final quenching 
operation and immediately tempered. The tempering 
treatment found to be the most desirable is also some- 
what special in nature. The castings are first intro- 
duced into a tempering furnace at 600 F and held 
for 2 or 3 hours. This treatment has the advantage 
of soaking the castings to relieve thermal and trans- 
formation stresses and to assist in the transformation 
of any retained austenite to bainite. 

Quench cracks are frequently encountered if the 
parts are permitted to remain in the as-quenched con- 
dition for a considerable length of time. After the 600 
F soaking treatment, the components are immediately 


raised to the tempering temperature. The tempering 
treatment is for as short a time at as high a tempera- 
ture as conducive to obtaining uniform mechanical 
properties throughout the cross-section, (times at 
temperature are usually from 3 to 6 hours). The se- 
lection of the tempering treatment depends, of course, 
upon the strength and hardness requirements of the 
part. 

Experimental work has shown that low impact re- 
sistance is encountered with a tempering temperature 
of approximately 700 F,* and that the impact re- 
sistance improves both at higher and lower tempering 
temperatures. A three dimensional plot?2 is shown in 
Fig. 15 indicating the influence of tempering tem- 
perature on the transition curve of the Charpy V- 
notch impact bars cut from a Cr-Ni-Mo cast gun tube. 
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Fig. 15 — Three dimensional plot of impact energy tempering 
temperature-testing temperature for cast gun tube (Short- 
sleeve, Anders and Troiano). 


This figure shows the minimum toughness obtained 
at 700 F at all testing temperatures and somewhat 
reduced impact resistance at a tempering temperature 
of about 1000 F. The majority of these steels exhibit 
the minimum toughness at or near 700 F temper* 
but the 1000 F effect is somewhat unusual. It is ap- 
parent, however, that plots such as this type are of 
considerable assistance in selecting tempering treat- 
ments. The castings are either water or oil quenched 
directly from the tempering treatment. 

The elimination or reduction of temper brittleness 
requires several processing techniques. This subject 
has been widely investigated16 23 and numerous 
papers are contained in the technical literature. Sev- 
eral of the more important consideration in reducing 
tempering embrittlement are: first, the addition of 
molybdenum; second, rapid cooling from the temper- 
ing temperature; third, as high a tempering tempera- 


*This is the embrittlement encountered in tempering very 
high strength steels (so-called blue-brittleness) . 
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ture for as short a time as practicable; fourth, the use 
of fine grained steels with a minimum phosphorus 
content; fifth, the addition of a minimum alloy con- 
tent1® necessary to obtain the requisite hardenability 
for the section quenched. It is to be noted that the 
compositions and processing techniques previously 
described are directed toward minimizing the influ- 
ence of temper embrittlement on the mechanical 
properties of these steel parts. 

The final heat treatment employed is usually a soak 
for 6 to 12 hours at 500 to 600 F. This treatment has 
been shown by experiments on both small and full 
scale castings to improve both the tensile ductility 
and impact resistance. Similar results are reported in 
the literature.24 It has not been established whether 
this improvement in ductility and toughness is the 
result of stress relief, hydrogen removal, aging phe- 
nomena, or a combination of these factors. Since there 
is a less marked but distinct improvement in tough- 
ness as well as ductility, it appears that there must be 
some other cause in addition to hydrogen. Improve- 
ment in ductility varies generally from 10 to 50 per 
cent and the impact resistance is enhanced from 10 
to 20 per cent. 

In order to assure the control necessary for the suc- 
cessful processing of this type of product, the heat 
treating equipment must be of high quality. It is de- 
sirable to maintain the austenitizing treatments to 
within plus or minus 20 F and the equalizing treat- 
ment, when used, to within plus or minus 15 F. 
Tempering temperatures should be held even more 
closely with a plus or minus 10 F range preferable. 
In order to obtain the rapid tempering treatment nec- 
essary for optimum mechanical properties, furnaces 
which can come up to temperature relatively rapidly 
are advantageous. 

The quenching equipment must assure excellent 
agitation and circulation sufficiently rapid to avoid a 
large rise in the temperature of the quenching me- 
dium. Cooling towers may be required to maintain 
a low water temperature. Vertical quenching is a re- 
quirement for any tubular product, in order to in- 
sure uniformity of quench’ and absence of serious 
distortion. Recirculating furnaces of the stress re- 
lieving or core oven type are preferred for the 600 F 
soaking treatment to assure rapid heating and temper- 
ature uniformity. 


Inspection and Repair 

In view of the rigid quality requirements, the cast- 
ings are generally subjected to radiographic and 
magnetic particle examination. Magnetic particle ex- 
amination is performed to detect surface defects such 
as cracks, slag pits, and sand holes. The prod method 
is generally employed on the castings in the as-cast 
or rough machined condition and coils are utilized 
for the finish machined, heat treated state. This 
method is successful in detecting defective areas of the 
castings. The sensitivity depends upon the magnetic 
flux generated and the fineness of the powder util- 
ized. 

Because of the lower sensitivity and large expense 
of radiographic examination, this method is not al- 
ways employed for every casting. It is frequently made 
on a spot check basis and always conducted on the 
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pilot castings after the dimensional layout to estab- 
lish a given casting procedure. In the case of large 
castings where the sensitivity of radiographic exam- 
ination will permit defects of considerable magnitude 
to go undetected, thin slabs are cut from the critical 
areas of pilot castings and examined by x-ray sep- 
arately to improve the detection of interdendritic 
shrinkage. These thin slabs are also ground, macro- 
etched, and examined to determine the presence of 
objectionable defects. 

In view of the highly stressed nature of these cast- 
ings, it is necessary to be assured that the required 
mechanical properties are obtained in the casting. 
This is best determined by the results of representa- 
tive mechanical tests removed from the body of the 
casting, usually from extensions such as shown for 
the stuffing box and expansion tank in Figs. 2 and 3. 

When such testing is not feasible, a separately cast 
test coupon can be employed, provided this coupon 
is of such size that it is comparable to the critical 
section sizes of the casting. The coupon is poured 
from the same heat of steel and heat treated with the 
castings. This method of testing assures that the 
solidification and heat treated sections are similar to 
the critical casting dimensions. It is customary to em- 
ploy standard tensile tests and Charpy V-notch im- 
pact tests, in order to check the strength, ductility, 
and impact resistance of these components. 

When defects are revealed during inspection, the 
casting is either scrapped or appropriate repair meas- 
ures taken. Serious defects, such as shrinkage or ex- 
tensive cracking, are usually cause for rejection; small 
amounts of hot tearing, cracking, or sand or slag holes 
are generally repaired. The defects are removed by 
chipping and grinding, utilizing magnetic particle 
examination to be assured of their complete removal, 
and the resulting cavity is filled with weld metal. 

Proper repair welding requires close technical con- 
trol. The alloy steel castings are preheated to 500 to 
700 F and repair welded with a low hydrogen coated, 
ferritic electrode that deposits weld metal of an an- 
alysis capable of developing approximately the same 
strength and toughness as the base material. After 
repair welding, the castings are reheat treated to re- 
move the structure of the weld metal and the heat 
affected zone, so that a uniform, fully hardened, mi- 
crostructure is attained. 

All pressure-tight castings are generally subjected 
to a simulated service pressure test. In the case of the 
stuffing box and expansion tank shown in Figs. 2 and 
3, this test takes the form of an application of internal 
pressure. The pressure utilized is always at least 114 
times the service pressure and is frequently sufficiently 
high on the pilot casting to nearly reach the yield 
point of the component. Pressure tests determine the 
soundness, strength and freedom from defects of the 
entire casting. They act as an excellent check on the 
manufacturing and testing procedure and should be 
utilized for many castings of this type where equip- 
ment is available. 
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A CASE STUDY OF A PREMIUM STRENGTH CASTING OF 
220-T4. ALUMINUM ALLOY 


@ Castings have long been used 
where intricate shapes make other 
fabrication processes unfeasible or 
uneconomical—though not without 
some penalty in strength or weight. 


In aircraft and missile applica- 
tions, however, such added weight 
cannot be tolerated, with the result 
that castings are not as frequently 
used in this field. Where they are 
used, a weight penalty is almost al- 
ways incurred, since experience 
with the light alloy cast materials 
shows variations in strength of as 
much as two or three to one. Ex- 
perience shows that actual strengths 
of most aircraft castings corres- 


ponds to about 75 percent of sepa- 
rately cast test bar strengths. To ac- 
count for this reduction in strength, 
design loads are multiplied by a 


*Asst. Chief Design Engineer, Douglas 
Aircraft Co., Inc., Santa Monica, Calif. 





By 
A. J. Carah* 


factor of 1.25 to 1.5 for casting. 

There is a growing feeling with- 
in the aircraft industry that better 
and more reliable castings can be 
made. This, coupled with the in- 
creasing difficulty of machining 
many wrought fittings, has led to a 
number of individual efforts to in- 
crease mechanical properties of 
castings. The Aircraft Industries 
Association W-70 committee on 
casting improvement is indicative 
of the industry-wide interest in pro- 
ducing better castings. 


The Douglas Aircraft Co. has 
been interested in obtaining high 
strength castings, and particularly 
in being able to reproduce this 
higher strength in any casting day 
in and day out. The following is a 
description of its efforts in the de- 
velopment and production of one 
such premium strength casting. 


Machining Costs Too High 

During the early stages of a de- 
velopment missile, the structural 
base fitting of the main fin was de- 
signed as a casting in 356-T6 alu- 
minum alloy. This part, purchased 
as a typical aircraft quality casting, 
proved to be too weak and was re- 
placed with a fitting machined 
from a 14S-T6 aluminum alloy ex- 
trusion. Fig. 1 shows the fitting and 
Fig. 2 illustrates its relation to the 
rest of the fin and missile. 

The machined extrusion proved 
satisfactory from a functional and 
strength standpoint but material 
costs and machining costs were un- 
acceptably high for quantity pro- 
duction. Ten and one half lb of 
raw extrusion were required to 
make a four-lb fitting. In addition, 


Fig. 1. . . Sand cast aluminum 
alloy rocket missile fin base 
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RELATION OF FITTING TO 
FIN AND MISSILE BODY 


FIG.2 











a great deal of warpage was expe- 


rienced in the machined parts, even 
though the material had been par- 
tially stress relieved by stretching. 
This imposed additional straight- 
ening costs and built up fairly high 
residual stresses. 

Because of these problems and 
the belief that reliable high 
strength castings could be produced 
consistently, a cost and feasibility 
study of the base fitting as a pre- 
mium casting was made. Prelimi- 
nary estimates indicated that if a 
sand cast fitting could be produced 
which would carry the required 
loads, its cost would be about half 
that of the machined extrusion. 
The study further indicated that if 
the part could be made as a perma- 
nent mold casting, the cost would 
be about one-fourth that of the 
machined extrusion. 

Based on quantities then on or- 
der, these cost differences repre- 


sented a total saving of about $1,- 
600,000 by using a sand casting and 
$2,400,000 by using a permanent 
mold casting, less development and 
testing costs. 


Design Requirements 


The economic stakes in success- 
fully producing such a casting were 
high but on the other side of the 
picture the calculated stresses, as 
shown in Fig. 3, were extremely 
high. The maximum calculated air 
loads on the fin produced maxi- 
mum bending stresses of 56,000 psi 
(modulus of rupture) across the 
lug. Because of casting inconsisten- 
cies a factor of 1.25 is applied to 
the design values, which results in 
a stress level of 70,000 psi. 

The wrought fittings were about 
equal in strength to the attaching 
bolts; two fittings and two bolts 
having failed at about the same 
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Fig. 2 . . 4-lb fitting was ma- 
chined from 10-lb extrusion. 


load. Since some flight failures of 
other components indicated the air 
loads might be somewhat higher 
than the calculated loads it was 
deemed advisable to set the casting 
target strength equal to the average 
bolt failing load. This stress is 82,- 
000 psi. 


A question which naturally arises 
is why, when stresses are so high, 
isn’t the lug increased in size and 
the casting wall increased in thick- 
ness? Unfortunately, an increase in 
lug dimensions would result in 
fairly drastic changes in both in- 
ternal and external geometry of the 
missile. Maintaining existing per- 
formance standards precluded any 
increase in weight. Thus, if the fit- 
ting were to be cast, its dimensions 
had to be identical to those of the 
wrought fitting. 


Stress analysis showed that if the 
tensile and compressive yield 


Fig. 3 . . Economic stakes and 
stresses were both high. 
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strengths were equal, the maximum 
modulus of rupture attainable for 
a rectangular section such as the 
ear is 1.5 times the ultimate tensile 
strength. Such values are attainable 
in practice only if the strain at rup- 
ture is high enough to allow the 
section to distert appreciably. 
High values of modulus of rup- 
ture are sometimes realized due to 
compressive yield strength being 
higher than tensile yield strength 
and to lateral restraint such as pro- 
vided by webs of the body. Both 
these conditions were favorable to 


Fig. 4. . Critical lug gets bend- 
ing moment and shear load. 


achieving a high modulus of rup- 
ture in this instance. 


In short, it appeared feasible to 
cast a fin base fitting having ade- 
quate strength if maximum me- 
chanical properties could be con- 
sistently maintained from casting 
to casting. This requirement meant 
that mechanical properties of ma- 
terial cut from the castings had to 
be consistently better than normal- 
ly expected. In this application the 
normally allowed properties in the 
casting of three quarters the cast 
test bar values could not be toler- 
ated. 

A preliminary choice of materi- 
als and casting methods was made. 
Sand castings were produced in two 
alloys characterized by high yield 
strength, high ultimate strength, 
and low elongation; and in two 
other alloys having a relatively low- 


er yield strength, higher ultimate 
and high elongation. 


The high yield strength alloys . 


considered were the standard mate- 
rials, 355-T6, T6l, and T62 and 
256-T6, T6l, and T62. The so- 
called low yield and high elonga- 
tion alloys were XB-216-F and 220- 
T4. The XB-216-F is an experi- 
mental non-heat treated alloy and 
the 220-T4 is a well known aircraft 
material. Both of these alloys pro- 
vide a high ratio of yield to tensile 
strength, resulting in the ability to 
redistribute stresses. 
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minimize the effect of change of 
load direction due to fitting deflec- 
tion. Load was read on a sensitive 
pressure gage in the jack supply 
line. All gages used during the tests 
were calibrated at frequent inter- 
vals. The forward lug was allowed 
to rotate freely to insure that all 
load was taken by the aft lug. 

Sub-size tensile coupons were cut 
from all the test castings from the 
heavy section adjacent to the aft 
lug and from the forward lug. 

The results of static tests on the 
cast fittings described above are 
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Centrifugally cast permanent 
mold castings were made using 
three of these four materials, al- 
though attempts to cast centrifugal- 
ly 220 alloy failed due to cracking 
resulting from sticking in the mold. 
An attempt was made to control 
the chemistry in the centrifugal 
castings. The controlled chemistry, 
in contrast with the so-called high 
purity alloys, merely attempted to 
hold the chemistry to optimum val- 
ues within the specification limits 
for highest mechanical properties. 


Test Methods 


Static tests were then conducted 
on these fittings. A test jig, illus- 
trated in Fig. 4, was designed to 
apply the correct ratio of bending 
moment and shear to the critical 
lug. The jig was loaded by a pre- 
cision hydraulic jack anchored 
about three feet below the fitting to 


shown in Fig. 5. Table 1 compares 
cut coupon and cast test bar prop- 
erties with actual fitting perfor- 
mance. Because of the very high 
test bar properties of the 355 alloy, 
it was expected that this would 
prove better in the fitting than the 
356 which was somewhat lower test 
bar properties. However, in actual 
fittings the 356 proved markedly 
superior to the 555 material. 

In both materials, as would be 
expected, the fittings made by the 
permanent mold process proved to 
be substantially stronger than their 
sand cast counterparts. Parts made 
from the XB-216-F experimental al- 
loy were stronger than any of the 
355 or 356 parts with the exception 
of two permanent mold cast fittings 
in 356 which were given the T62 
extended aging treatment. 

Three sand castings from the first 
run in 220-T4 proved to be much 
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Fig. 5 . . Static tests on sand 


stronger than any of the others 
tested. These three averaged 3500 
Ib test load, exactly the target val- 
ue. Sand cast test bars and coupons 
cut from the 220 castings were gen- 
erally lower in yield and ultimate 
strengths than those from most of 
the other castings tested. However, 
elongation for the 220 was generally 
higher. 

Why did the 220 part, having 
generally lower mechanical proper- 
ties, carry a higher load in the fit- 
ting than the other alloys tested? 
An examination of the fittings 
themselves provided one clue. 


Little Casting Distortion 


The high yield alloys showed 
very little distortion of the casting 
and tended to behave as brittle ma- 
terials. The 220, on the other hand, 
showed a great deal of distortion 
despite the fact that a severe stress 
concentration existed at the inter- 
section of the lug and the body. 
This suggested that the higher elon- 
gation in combination with the 
lower yield strength allowed the 
220 parts to redistribute stresses 
around the stress concentrations 
such that their effect was consider- 
ably reduced. 

The severity of the distortion ex- 
perienced by several typical 220-T4 
parts is shown in Fig. 6. Notice 
particularly the elongation in the 
radius and counterbores and the 


cast and permanent mold fittings. 


necking on the tension side of the 
lug. 

Because the 220-T4 fitting met 
the desired load, a second lot of 
castings was made to check repro- 
ductibility of the initial results. 
The second series was cast from the 
same pattern and was treated in the 
foundry in the same manner as the 
first lot. A minor modification in 
machining was made; this consisted 
of removing some material from 
the body adjacent to the lug to save 
weight. The original and revised 
configurations are shown in Fig. 7. 


Gave Startling Results 


This second series of 220-T4 cast- 
ings provided some rather startling 
results. The average strength was 
3935 lb as compared with 3500 lb 
for the first series. It was not known 


whether this was due to the con- 
figuration change or whether the 
castings were just better material. 

Comparison of sand cast test bars 
from the two groups showed them 
to be almost identical in all char- 
acteristics. However, both ultimate 
strength and elongation as deter- 
mined from coupons cut from the 
castings were higher from the sec- 
ond lot; yield strength remained 
about the same. This indicated that 
probably the increased strength was 
due to the improved mechanical 
properties rather than the removal 
of material. 

Average test strengths of 14S-T6 
control samples were 4150 Ib. Of 
four fittings tested, two failed at 
bolts and two fractured. While the 
yield and ultimate strengths of the 
148-T6 across the extrusion was 
twice that of the 220-T4 and the 
elongation was slightly lower, the 
extruded fittings were only 5 per 
cent stronger than the cast fittings. 

While the missile fin base fittings 
had no fatigue life requirements, 
tests were conducted on a number 
of 220-T4 sand and permanent 
mold fittings as a matter of general 
interest in order to compare fatigue 
performance with 14S-T6 loaded 
transversely, as it is in this fitting. 

Loading was accomplished with 
the addition of a cycling valve to 
the test setup previously described. 
Parts were loaded at a rate of 2500 
cycles per hr. 

The sampling taken was very 
small and results, as shown in Fig. 
8, thus cannot be taken as conclu- 
sive. However, the results are con- 
sistent enough to indicate that for 
this fitting, in the presence of a 
severe stress concentration, the cast- 
ings outlast the transversely loaded 


TABLE 1 . . COMPARISON OF CASTING PERFORMANCE WITH TEST BAR PROPERTIES 





Coupons from Casting 


Cast Test Bars 





Casting AveTest Yield Ultimate Elong Yield Ultimate Elong 
Alloy Method Load, Ib psi psi yA psi psi % 

355-T61 Sand 2040 22,600 28,000 1.46 28,600 37,000 2.0 
355-T6 PM 2400 29,500 32,100 0.8 28,400 43,700 7.1 
356-T61 Sand 2500 27,400 32,200 2.6 —- 34,700 3.5 
355-T62 PM 2580 33,600 35,800 0.8 —— ae a 
356-T6 PM 2770 28,900 37,900 6.0 27,800 40,000 10.0 
XB216-F Sand 3010 19,400 32,400 7.0 — 33,000 11.0 
356-T62 PM 3310 32,800 42,300 7 —. we _— 
220-T4(1)} Sand 3500 24,700 37,000 8.0 27,300 50,300 16.5 
220-T4 (2) Sand 3935 24,700 39,600 11.0 26,400 47,500 19.4 
14S-T6 Extr. 4150 63,300 70,100 7.6 — — — 
220-T4 PM 3610 24,600 48,800 20.3 — oe — 
220-T4 Sand 3940 27,200 53,100 22.3 na —— — 
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extrusions by a considerable mar- 
gin. 
The trend also shows that the 
220-T4 permanent mold castings 
have a greater fatigue life than the 
220-T4 sand castings. 

Low quality 220-T4 sand castings 
with excessive porosity were about 
equal in fatigue life to the extru- 
sions. 

On the basis of these tests, it was 
decided to change production fit- 
tings from 14S-T6 extrusions to 
220-T4 sand castings and that de- 
velopment would be started on 220 
permanent mold castings. 

A program was immediately 
started to qualify the production 
foundry castings at the required 
strength of 3500 lb. The first sam- 
ples submitted averaged 2630 lb. 
failure load, or about 75 per cent 
of the required strength. After 
some modification in gating and 
risering, a second group of castings 
developed an average strength of 
approximately 3000 Ib. Further 
modification to gating, risering and 
chilling produced castings averag- 
ing 3600 Ib. in strength. It is inter- 
esting to note the changes in me- 
chanical properties that went with 
these groups, as shown in Table 2. 

The cut coupons show a small 
improvement in yield and ultimate 
strength, although not nearly 
enough to account for the consider- 
able increase in fitting strength. 
Microscopic examination of the 
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Fig. 7 . . Material was removed from lug area to lighten the fitting. 


area near the fracture showed ex- 
tensive micro-porosity in the first 
lot. Porosity was moderate in the 
second lot and negligible in the 
qualifying lot. 

It was intended to control 
production casting strength by 
occasional static tests using a com- 
bination of x-ray, ultrasonic and 
hardness testing techniques to pick 
the test castings. Those to be tested 
were generally the worst as indi- 
cated by the foregoing nondestruc- 


NORMAL DISTORTION OF DISTORTION OF 
DISTORTION LUG IN END LUG IN PLAN 
‘355 AND 356 VIEW- 220 VIEW- 220 


Fig. 6 . . 220 was able to redistribute stresses around concentrations. 





: 


tive inspection methods. 

Because of almost complete lack 
of correlation of strength with eith- 
er x-ray, ultrasonic or hardness, 
these methods of choosing test sam- 
ples were abandoned in favor of 
random sampling of one part in 
50 castings. 

After a few satisfactory produc- 
tion castings, strength began to 
drop as shown in Fig. 9. Average 
strength of a number of fittings was 
approximately 2800 lb and as a re- 
sult several hundred castings were 
rejected. It is significant that the 
low strengths occurred simultane- 
ously with an increase in produc- 
tion rate of about 50 per cent. 

Further regating was done to cor- 
rect this downward trend and more 
rigid controls were placed on chem- 
istry, fluxing, degassing, tempera- 
ture of melt and temperature of 
pouring. As a result of this regat- 
ing and closer control, the castings 


TABLE 2... PROPERTIES OF PRODUCTION 
QUALIFICATION CASTINGS 





Coupons Cut Castings 





Test Ulti- 
At- Load Yield mate Elong Micro- 
tempt Ib psi psi % porosity 
Ist 2630 24,500 43,500 16:0 Exten- 
sive 
2nd 3000 25,100 44,800 13.3 Mod- 
erate 
3rd 3600 26,200 45,400 13.7 Negli- 
gible 
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Fig. 8 . . Castings greatly outlast transversely loaded extrusions. 


now being produced test consistent- 
ly above 3500 lb averaging 3940 Ib. 
This quality has been maintained 
for a period of approximately two 
months and indications are that as 
the foundry gains experience these 
values should be reproducible at 
any time. 


Current Development 


Because of the additional poten- 
tial cost reduction and inherently 
higher production rate, develop- 
ment has been started on three 
types of precision castings of this 
part in 220 alloy: semi-permanent 
mold, full permanent mold, and 
shell mold. Development work is 
required as 220-T4 alloy is not in 
general use for permanent mold 
castings. 

Several semi-permanent mold 
220-T4 alloy castings were pro- 
duced which tested to an average 
breaking strength of 3610 lb. How- 
ever, production castings have not 
met the 3500 lb requirement and 
are not yet being used in missiles. 
Work is continuing on this process. 
Still in an early stage is a program 
to produce the parts in 220 alloy in 
a full permanent mold. Shell mold- 
ing is also being attempted but to 
date no parts have been made in 
this manner. 


Production Test Procedures 
It soon became apparent that the 


normal time lag through foundry 
handling, heat treating and ma- 
chining was too great to prevent 
several hundred fully machined 
castings from being rejected if the 
test samples were not up to 
strength. A revised sampling meth- 
od was therefore inaugurated in 
which each lot of raw castings was 
held in bond until a test sample 
picked at random was machined 
and static tested on an expedited 


basis. The period from beginning 
of machining to end of static test- 
ing has been held to less than 24 
hours in most cases. Lot size is ap- 
proximately 50 castings and in no 
case may a lot be composed of more 
than one heat treat batch. Any lot 
for which the sample meets the test 
requirements is immediately re- 
leased for machining. Lots which 
do not meet the minimum require- 
ments are rejected in their entirety 
on the basis of the static test. 


Economics of Premium Castings 


The economics of producing the 
fin base fitting under rigid foundry 
controls and a continuing static test 
acceptance procedure has raised 
several questions. What is the cost 
of development? What is the in- 
creased cost per casting and the cost 
of static tests? 

Total development cost to date 
is about $30,000, including pat- 
terns, molds, castings and test time. 
The premium raw castings cost 
about 30 per cent more than the 
same part as a run of the mill cast- 
ing. Present cost of tests is about 
2.5 per cent of total fitting cost. 
However, this will be progressively 
reduced to 1.2 per cent and then to 
0.6 per cent as sampling frequency 
is reduced with more experience. 

Despite the added costs which 
amount to approximately 32 per 
cent of the total cost of producing 
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Fig. 9 . . Note that low strengths occurred with increased production. 
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a run of the mill casting, the com- 
plete machined fittings are now one 
half the cost of the machined ex- 
trusion. On the basis of the ma- 
chining required on the relatively 
few permanent mold parts pro- 
duced to date, fittings produced in 
this manner are expected to cost 
22 per cent of the machined extru- 
sion cost. 

Actual savings by the aircraft 
manufacturer to date are approxi- 
mately $500,000 over and above the 
development and testing work 
done. Potential savings are well 
over $1,500,000. 

Obviously, the requirement for 
premium properties for other cast- 
ings must be evaluated on the basis 
of possible gains versus the penal- 
ties incurred. Gains may be in 
terms of dollars of production cost, 
smaller size in limited space, or 





weight savings for which the air- 
craft industry pays a high premium. 
Penalties, of course, are develop- 
ment cost, casting cost premium 
and possibly production test or spe- 
cial inspection costs. 


Conclusions 


Increased use of castings in mis- 
siles and aircraft applications will 
come about when foundries can 
produce consistent and reliable 
high strength castings having a 
minimum variation in strength. 

The development and produc- 
tion of the premium strength fin 
base casting discussed indicates the 
feasibility of consistently producing 
higher than average strength cast- 
ings where weight and economic 
considerations show such castings 
to be worthwhile. 


The successful production of 
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such castings requires that more 
than normal time and effort must 
go into their development and the 
foundry must consistently control 
their processes to closer limits than 
is presently done. Further, the pur- 
chaser must be willing to pay a 
premium price for premium 
strength. Such a cost increment 
need not be prohibitive, however. 

Further work needs to be done 
to determine what foundry prac- 
tices most strongly influence con- 
sistency of the product and within 
what ranges these practices must 
be controlled to maintain high 
strength and reliability. 

The most rapid progress toward 
consistently high strength castings 
will be achieved by the practical 
production of such parts on a slow- 
ly accelerated basis; utopia will not 
be achieved overnight. 








The castings industry is seriously 
in need of methods of describing 
foundry molds accurately and in 
detail. The mechanism of metal 
casting and the mechanism of 
molding sand deterioration need to 
be studied carefully. 

Professor Frechette’s article de- 
scribes a powerful tool in the in- 
vestigation of foundry sands and 
their textural characteristics 
through the use of the polarizing 
microscope together with the stere- 
oscopic microscope. 


@ The microscope is the most use- 
ful single instrument for the defini- 
tion of a molding sand system. Its 
areas of usefulness may be summa- 
rized as follows: 

1. Identification of the constitu- 
ent minerals, both natural and arti- 
ficial, through their optical proper- 
ties and detection of in-process 
changes in the minerals, as for ex- 
ample through solid solution ef- 
fects, by changes in their optical 
properties. 

2. Quantitative analysis in terms 
of the constituent minerals. 

3. Description of the textural 
characteristics of the mold, includ- 
ing particle size distribution, pore 
shape and volume and contact re- 
lationships among the grains. 


Mineral Identification 


The procedures for identifying 
minerals with the polarizing micro- 
scope have been fully organized un- 
der the heading of optical miner- 
alogy and have been treated in 
many books, of which some of the 
most useful are those by Winchell, 
Rogers and Kerr,? and Larsen and 
Berman.’ The subject is much too 
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large to develop here, but in brief 
it may be said to depend upon the 
determination of such optical con- 
stants as the index of refraction, 
the birefringence or double refrac- 
tion, color, optic character and op- 
tic orientation, i.e., the relationship 
of optical effects to the crystallo- 
graphic directions in grains as re- 
vealed by the presence of crystal 
faces, or more usually cleavages. 
The following will indicate the na- 
ture of the simpler measurements. 


®" Index of refraction. Refractive 
index measurement with the micro- 
scope is best accomplished by 
mounting the mineral grains in 
oils of known index of refraction. 
Calibrated series of suitable oils can 
be had from several supply houses. 
The simple tests for comparison are 
illustrated in Fig. 1. The sharpness 
of these effects indicates the magni- 
tude of the difference in index 
between mineral and mounting me- 
dium, a fact which is useful in esti- 
mating indices when a permanent 
mount in a standard medium is 
used, as in work with thin sections. 


® Birefringence. Most minerals 
have the property of splitting the 
light into two rays of different re- 
fractive indices; the difference be- 
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tween these indices is termed the 
birefringence of the mineral. The 
refractive index corresponding to 
each ray may be measured by ro- 
tating the stage until the vibration 
direction of the ray is brought 
parallel the polarizer (i.e., north- 
south) . 


It is easier and much faster to ob- 


tain the birefringence by observing 
under 


the interference colors 
crossed nicols, i.e., with analyzer in- 
serted. The birefringence is related 
to these interference colors through 
the retardation by the expression 


Retardation 


Birefringence = Thickness 





which may be rendered graphically 
as the Michel-Levy scale shown in 
Fig. 2. Because of the difficulty of 
obtaining precise values for the 
thickness of grains it is difficult to 
measure birefringence exactly, but 
it is useful diagnostically neverthe- 
less. 


®" Optic character. As noted above, 
some minerals do not split light 
into two rays and so exhibit no 
birefringence. These are termed op- 
tically isotropic and are extinct 
(dark) in all positions under 
crossed nicols. They include the 
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Fig. 1.. Comparison of refraction index of mineral and known index oil. 
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Fig. 2..Birefringence identification is aided by color analyzer. 




















Fig. 3..Optic axes related to axes of crystal faces or cleavages. 


minerals of the cubic system as well 
as the glasses. Even in these, how- 
ever, the presence of strain causes 
birefringence in an amount pro- 
portional to the strain present. 
Among the birefringent or aniso- 
tropic minerals two types are dis- 
tinguished. In one of these belong 
the minerals of the tetragonal and 
hexagonal systems which have a 
single direction (the optic axis) 


along which only a single ray is 
transmitted and there is no bire- 
fringence. Such minerals are called 
uniaxial. In general they split light 
into two rays, one (the O-ray) vi- 
brating in a plane which contains 
the optic axis, which is the c-axis 
of the mineral. The O-ray has a 
fixed refractive index. The E-ray 
which vibrates normal to the O-ray 
has a variable refractive index 
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which is maximum in positive crys- 
tals when it travels normal to the 


. Optic axis and is minimum (equal 


to that of the O-ray) when it trav- 
els along the optic axis. 

The remaining crystal systems 
have biaxial optic character. They 
have two directions along which no 
birefringence occurs, the angle be- 
tween these being termed the optic 
angle. 
® Optic orientation. Observation 
of the optic orientation, i.e., the 
relationships between the optic 
axes and the crystallographic axes 
of the mineral, as indicated by the 
presence of crystal faces or of cleav- 
ages, constitute a powerful aid in 
mineral identification. The inter- 
ference figures obtained by intro- 
ducing a strong condenser and 
crossed nicols, together with re- 
moval of the microscope eyepiece, 
constitute an important part of the 
determination of both optic charac- 
ter and optic orientation. 

Other indications are helpful, es- 
pecially on mineral grains too small 
to yield useful interference figures. 
These include the extinction type 
and the sign of elongation. To de- 
termine the extinction type, the 
stage is rotated with crossed nicols 
until the mineral grain darkens 
(extinguishes) and the relation- 
ship between crystal faces or cleav- 
ages and the vibration directions 
in the microscope are noted as 
shown in Fig. 3. 

The sign of elongation (for those 
crystals or cleavage fragments ex- 
hibiting elongation tendencies) is 
positive if the elongation direction 
is more nearly parallel the vibra- 
tion direction of the ray of higher 
refractive index than that of the 
other visable ray. 

" Microsopic data. Optical de- 
scriptions of minerals are available 
with tables to aid in systematic 
identification of unknowns.?* Of 
special interest in connection with 
foundry sands are the volumes on 
sedimentary petrography by Mil- 
ner,® and by Krumbein and Petti- 
john.” Rigby® has described some 
of the high temperature products 
which may arise in the casting proc- 
ess, and Insley and Frechette® have 
discussed the use of the microscope 
in connection with foundry prac- 
tice with notes on the minerals en- 
countered and the techniques em- 
ployed. Table 1 lists some of those 
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in foundry sands in the order of __ present in natural sands or added _are of the durable type, surviving 
their greatest refractive indices, N,, in synthetic sands has been shown _ repeated moding and casting cycles . 
or N,, the index of the constant to be highly significant. The with little decrease in performance. . 
O-ray, in the case of uniaxials. The —_ several clay minerals are quite dis- Such relationships as these are 
clay minerals are listed separately _ tinct in bonding power, dispersing important in controlling the sand c 
in Table 2. and coating characteristics, dura- so as to achieve sufficient mold fe 
Knowledge of the mineral con- bility and drying behavior. Con- strengths without developing ex- Ul 
stitution of molding materials can sequently the microscope and other _cessive strength that would prevent n 
be most useful in estimating their analytical tools such as differential _ contraction of the casting without n 
behavior and anticipating difficul. thermal analysis and x-ray are a damage during cooling and also r 
ties as well as in suggesting correc- | necessary adjunct to intelligent | would make it difficult to strip the p 
tive measures, cleaning procedures compounding and to setting up mold from the casting later. n 
and so on. In silica sands, contam- sand treatment and reclamation  # Mineral standards. The micro- ul 
ination by feldspar, mica, horn- practice. scopist rapidly becomes familiar q 
blende, magnetite, and calcite may Illite and kaolinite bond clays with the minerals commonly en- . 
be encountered. All of these lower for example provide moids whose countered so that he may recognize “ 
the refractoriness of the sand and strength is less sensitive to moisture these at sight without going . 
tend to restrict its use to light content and to the amount of clay through formal measurement of . 
service. An abundance of mica is used than does montmorillonite. properties. To aid in achieving this 
especially undesirable. Not only _ Hialloysite is still less sensitive to familiarity a collection of standards n 
does it act as a flux but its flat moisture content but requires is indispensable. Such minerals 32 
sheets are inclined to align them- much more water than does mont- may be secured from mineralogical P' 
selves in molding, setting up planes morillonite. Illite and kaolinite are supply houses. The collection of F 
of structural weakness. reluctant to break down into their _—_ clay mineral standards prepared by T 
The identity of the clay minerals _ finest particles and consequently the American Petroleum Institute - 
TABLE 1 . . OPTICAL DESCRIPTION OF SOME MINERALS FOUND IN MOLDING SANDS Pp‘ 
Pp 
Principal al 
Refractive Birefring- Optic Grain Resting on Best Cleavage 
x Index ence Sign, 
Mineral N, or N, (N,-N,) 2v Figure Extinction Elongation Biref. Other Diagnostic Features 
Cristobalite 1.487 09003 = No cleavage Sometimes in skeletal crystals. sil 
Uniax. s 
Microcline 1.525* 0.007 _ 5° off Inclined + 0.003 Characterized by plaid-like appearance under pé 
1.530 83° Acute crossed nicols owing to two sets ef poly- d 
Bisect. synthetic twinnings. U 
Albite 1.536 0.010 oF Plagioclase series of feldspars between albite and anorthite is characterized by clear-cut twinning lamella 4 
1.541 76° which in grains lying on perfect 001 cleavage are parallel to visible 010 cleavage; refractive indices on co 
Anorthite 1.582 0.012 _— such grains are almost linear function of composition from 1.529 and 1.539 for albite to 1.581 and 1.585 
1.588 77° respectively for anorthite. pe 
Quartz 1.544 0.009 No cleavage Clear irregular, rounded or conchoidal grains we 
. - Uniax. which may he stained with Fe,0,. 
Biotite 1.574 0.04* —_ Acute Parallel Sheets —0 Perfect basal cleavage yields thin flat flakes; 
1.638 0.06 +10° Bisect. Ix usually deep yellow-brown; pleochroic. ity 
Muscovite 1.593 0.04 _ Acute Parallel Sheets 0.006 Perfect basal cleavage yields thin flat flakes 
1.611 47-15° Bisect. Ix of characteristic appearance having single 
interference color, surface all in focus. 
Tourmaline 1.63 0.022 — Cleavages not prominent Variety of colors with marked pleochroism 
1.69 0.035 Uniax. and maximum absorption parallel 0. ~~ 
Hornblende 1.633 0.02 _— Off- Pleochroic in greens and browns; perfect 
1.701 0.03 38° to 88° center Inclined _ 110 cleavages yield elongated to acicular 
poe or fibrous grains. Cle 
Mullite 1.654 0.012 + Parallel > Elongated (parallel Z) prismatic crystals omigth 
45-50° with parallel extinction positive elongation. Ka 
Calcite 1.658 0.172 _ Off- Symmetrical None 0.092 Perfect rhombohedral cleavage; lamellar 
Uniax. center twinning. Note extreme birefringence. 
0.A. 
Dolomite 1.680 0.180 _ Off- Symmetrical None 0.08 Perfect rhombohedral cleavage; polysyn- 
1.716 0.190 Uniax. center 0.12 thetie twinning common. Dic 
0.A. 
Olivine 1.689 0.037 = Acute or Parallel + 0.012 
1.718 70° to obtuse to 0.019 Imperfect 010, less distinct 100 cleavages. Hal 
90° bisect. Dy 
Periclase 1.736 None Isotropic None All None None Perfect cubic, poor octahedral cleavages. (4 
1.78 positions Index increases with iron content. Hal 
Garnet 1.741 None Isotropic Irregular grains without cleavage, often (2 
1.887 to grooved or pitted. Colorless, pale reddish, Mo 
: weak pale to dark brown greenish gray. 
Fayalite 1.847 0.051 o Acute Parallel — 0.011 Greenish-yellow orthorhombic tabular crys- No: 
1.886 47° bisect. tals, elongated parallel Y, which oxidize to 
reddish brown or black; distinct 010, less e 
distinct 200 cleavages. Wit 
Zircon 1.92 0.04 + Poor prismatic cleavage; colorless to pale 
1.96 0.06 Uniax. Flash Parallel ie 0.04 brown or gray. ie 
Rutile 2.603 0.286 + Flash Parallel + 0.286 (110) cleavage. * 
2.616 0.307 Uniax. 0.307 a 
*Two figures listed indicate the extremes in range of index or birefringence with change of composition. tEqual to or smaller than. *** 
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and fully described by Kerr et al.1® 
is particularly valuable. 

Solid solution effects in minerals 
cause corresponding shifts in the 
optical properties and so may be 
inferred from careful measure- 
ments with the microscope. The 
most useful measurement is one of 
refractive index, in which high 
precision is possible. Powder 
mounts are therefore most useful in 
this work. Color, birefringence, 
optic angle, and optic orientation 
all may change continuously with 
composition in a solid solution 
series and these have been tab- 
ulated for many minerals.‘ 

An interesting example in con- 
nection with periclase molding 
sands relates the refractive index of 
periclase to its content of FeO and 
Fe.O, (calculated by Walter F. 
Treffner, General Refractories Co., 
from the refractive indices of pure 
MgO, pure MgOsFe,O;, as re- 
ported by Posnjak, and of 66.7 mol 
percent FeO as reported by Bowen 
and Schairer — personal communi- 
cation, 1954). 

By means of these data it is pos- 
sible to trace the extent of the iron- 
periclase reactions at mold surfaces 
during casting. As shown in Fig. 
4 the relationships are linear when 
composition is expressed in mol 
per cent but parabolic when 
weight per cent is plotted. 


It will be observed that ambigu- 
ity exists unless it is known wheth- 
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Fig. 4. . Extent of iron-periclase reaction at mold surface during casting. 


er the iron is in the ferrous or the 
ferric state; ferrous iron colors peri- 
clase green, however, while the 
presence of the ferric iron causes a 
yellow to brownish coloration. 


Quantitative Analysis 
in Terms of Minerals 


It is frequently useful to know 
not only the identity of the con- 
stituent minerals of new or used 
molding materials but also their 
relative amounts. The microscope 
can give such information by in- 
dicating the relative volumes of 
each of the minerals present and 
these can be converted to weight 


TABLE 2 . . MICROSCOPIC CHARACTER OF THE CLAY MINERALS* 





Optic 
Sign, 
Clay Mineral ph N,-N, 2V 


Notes 





Kaolinite ~ 1.560 0.006 





(001) Plates often forming curved groups 


1.570 0.007 20-50° with parallel extinctions. X is about 3° 


Dickite 1.566 0.006 7 


from normal to (001). Optical tests usually 
conclusive. 
Monoclinic, platy. XAC 15-20°; plates 


1.571 0.009 52-80° standing on edge show extinction angle 


Halloysite 1.526 
(4H,O) 1.532 
Halloysite 1.548 
(2H,O) 1.556 
Montmorillonite 1.515*** 0.025 
1.630 0.040 
Nontronite 1.600 0.035 
1.640 0.040 
illite 1.57 0.022 








of 15-20°. 


Iso. ? Fine-grained aggregates showing conchoi- 


dal fracture. Optical and X-ray data not 


Iso. ? always conclusive. 


Very fine-grained, shred-like but clearly 


0-33° crystalline with occasional areas of elon- 


gated plates.X (001) almost. Nontronite 
is pleochroic in yellow-brown-green. 
Resembles -mica; sometimes pleochroic. 


0-20° X (001) almost. 








* Data from C. S. Ross!® and from R. E. Grim?! 
** Indices lower if measured with air occluded; two figures listed indicate extremes 


in range of indices 


*** Indices vary somewhat with the exchangeable cation 


per cent values by consideration of 
the densities of the constituents. 
Numerous methods have been de- 
veloped to yield quantitative mi- 
croscopic analyses® 74 but new 
applications frequently present spe- 
cial problems which require modi- 
fications in procedure. 

One of the simplest methods in- 
volves counting the number of 
grains of each constituent in a 
series of randomly chosen fields 
until 500 or more have been tal- 
lied. This has been successfully 
applied to the analysis of commer- 
cial feldspars but it is limited to 
those materials in which the parti- 
cle size distribution is the same 
for all minerals. Platey or fibrous 
grains such as those of the micas 
and clay minerals are particularly 
troublesome. 

Quantitative methods based on 
the areas of constituent minerals 
visible in a series of fields in the 
microscope are less affected by 
differences in the particle size dis- 
tribution of the constituents (the 
error is proportional to grain thick- 
ness instead of the cube of the 
diameter). These may employ 
actual areal measurement by the 
use of a planimeter but more con- 
veniently consist of linear traverses, 
in which the slide is propelled by 
a series of micrometer screws 
mounted in tandem. 

Each mineral is assigned a par- 
ticular screw which is used to drive 
the slide when that particular 
mineral is observed at the intersec- 
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tion of the crosshairs in the field. 

At the conclusion of a complete 
traverse the readings of the micro- 
meters indicate the relative areas 
of the various minerals and a 
series of such traverses yields the 
volume per cent of each mineral 
present provided the thickness of 
the grains is the same or has the 
same distribution. 

Another convenient method 
based on area consists in simply 
noting the number of times each 
mineral appears at the intersection 
of the crosshairs when the specimen 
slide is stepped along by a ratchet 
arrangement to permit examina- 
tion at each of a long series of even- 
ly spaced points (Fig. 5) . 

The wide distribution of particle 
sizes in foundry sands makes the 
above methods uncertain when 
applied to the materials in powder 
form. It is suggested that a more 
reliable procedure would involve 
preparation of a polished thin sec- 
tion, the microscopic analysis being 
accomplished with reflected light 
using either the linear-traverse or 
the point-counting scheme with 
the aid of transmitted light, when 
necessary, for mineral identifica- 
tion. 

The procedure involves immer- 
sing the specimen material in a 
resin such as phenol formaldehyde 
contained in an expendable glass 
container. A vacuum is applied 
during the first stages of heating 
and the thermal curing of the resin 
is completed at normal pressure. 
The specimen is sawn, preferably 
with a diamond saw, to yield a thin 
slice which is ground flat on a wet 
cast-iron lap with successively finer 
grades of SiC beginning with about 
150-mesh and finishing with 500- 
mesh. 

The surface may be smoothed 
with optical emery on a glass plate 
before cementing with glycol 
phthalate face down on a glass 
microscope slide. The process is 
reported on the reverse side, grind- 
ing until the required thinness is 
reached (not more than 30 mi- 
crons). The surface is then pol- 
ished with optical rouge on a cloth 
flap. Etching to differentiate be- 
tween the mineral constituents in 
reflected light, must be suited to 
the particular problem, the choice 

of reagents, concentrations, and 
time of exposure depending on the 









particular minerals known to be 
present. 

Examination can then proceed 
using a microscope equipped for 
both transmitted and vertical illu- 
mination. Transmitted light can be 
switched on to aid in recognizing 
the constituent minerals in the sec- 
tion. Reflected light is used for 
quantitative analysis, however, 
since it insures that only the min- 
erals exposed at the (randomly 
chosen) surface plane will be meas- 
ured. Particle size and shape are 
thereby eliminated as variables in- 
fluencing the result. 

Rough quantitative data may be 
secured by visual estimation and 
this is often adequate, especially 
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with fresh sand™ avoiding loss o/ 
production and providing closer 
correlation between microscopic 
data and mold performance. 

The sample core can be sliced 
and impregnated with resin for 
sectioning as described above. Sev- 
eral variations are possible. If a 
thin section is required for use 
with transmitted light only, the 
polishing step may be omitted and 
a cover glass cemented to the upper 
surface of the section. The slide 
thickness may be adjusted to the 
purpose at hand from rather thick 
sections to be used in studying the 
coarse grains of the mix to very 
thin ones where the finer constit- 
uents are of interest. For study 

















Fig. 5 ..Convenient method for measuring amount of each mineral based 
on area, is to count the number of times each mineral appears at the 
cross hairs when the slide is stepped along by a ratchet arrangement. 


when conducted by an experienced 
observer with the aid of reference 
standards. 


Textural Characteristics 

The well-known importance of 
the textural characteristics of a 
foundry mold in determining its 
performance lends special interest 
to the study of particle size dis- 
tribution, void shape and size, and 
the spatial distribution of the con- 
stituent minerals. 
=" Specimen preparation. Particle 
size and shape studies are best 
conducted with granular or “pow- 
der” mounts, but all other textural 
studies require preparation of the 
specimens in sections which pre- 
serve the textural characteristics of 
the mold. 

The initial sampling may be 
done with a core drill or even a 
cork-borer of large diameter, taking 
care to avoid disturbing the core 
during removal and keeping care- 
ful track of the site from which 
the sample is taken. Molds can be 
sampled in this way and patched 


at low power by incident light with 
the stereoscopic microscope, fine- 
finishing of the section surfaces 
may be unnecessary and a cover 
glass may be omitted. 


For studying granular character, 
packing and homogeneity, it may 
be valuable to strip a “peel” from 
surfaces which have been exposed 
by careful fracture or sawing. The 
procedure!® involves flooding the 
exposed flat surface with amyl 
acetate and then with pyroxylin. 
When dry the peel is removed and 
cemented to a glass microscope 
slide with Canada balsam, avoiding 
too high a temperature in mount- 
ing. 

" Particle size distribuion. Increas- 
ing interest in the finer fractions 
of foundry sands requires methods 
for dealing with the sub-sieve sizes. 
While many methods are available, 
including those based on sedimen- 
tation, elutriation, permeability 
and absorption, the microscopic 
methods offer some advantages. 
The particles are actually seen and 
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Fig. 6 (above) and 7 (below) .. Precision determination of particle size 
distribution with microscope and external scale has many advantages 
over other methods of studying sub-seive fractions of foundry sands. 
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can be comprehended more easily 
than the data from non-visual tests. 
Particle shape can be observed. 
The distinction between grains 
made up of a single crystal (or 
fragment) and those which are 
agglomerates of several fragments 
of the same mineral or of different 
minerals can be drawn. 

Unlike the permeability and ad- 
sorption methods, the microscope 
reveals the distribution of particle 
sizes. Unlike all other methods, it 
can yield particle “size” data which 
fit the requirements whatever they 
may be. Sedimentation methods, 
on the other hand, provide only 
an “equivalent settling diameter” 
which may bear little relationship 
to foundry sand technology. 

A wide variety of microscopic 


techniques and modifications has 
been developed'* and _ selection 
must be made carefully to fit the 
need. The easiest and fastest is 
simple estimation, and this may be 
adequate for many purposes in the 
hands of a trained observer and 
with the aid of reference standards. 

Particle size concepts and rec- 
ommended methods of microscopic 
measurement have been reported 
by Committee E-1 of the American 
Society for Testing Materials’? and 
errors and dispersing techniques 
have been reviewed by Loveland.1* 
A simplified procedure for pre- 
cision determination of particle size 
distribution based on the use of an 
external scale (Fig. 6-7) has ad- 
vantages in speed of operation.’® 
® Particle shape. Rough classifica- 
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tion of grains as rounded, subang- 
ular or angular,!® is easily made 
by inspection with the microscope 
but quantitative evaluation of 
shape is difficult. Attempts along 
this line list “shape factors” ex- 
pressing the ratio of maximum- 
to-minimum particle dimensions, 
length-to-breadth, etc.1* Much more 
work needs to be done in this 
line and there is probably no sub- 
stitute at present for actual micro- 
scopic observation or photomicro- 
graphs. 

" Void shape and distribution. 
While void structure should be 
amendable to the same type of 
treatment as particle size, it is not 
easy to treat quantitatively by 
microscopic methods. Qualitative 
impressions concerning the size, 
continuity, and uniformity of 
voids, pores, and cracks can be 
valuable however. The stereoscopic 
microscope is best suited to such 
examination on mold surfaces, 
washes and broken or sawn sections. 
A wide range of magnifications is 
advisable to permit inspection of 
gross structure and of details. Prop- 
er illumination is essential and 
Should be standardized so as to 
facilitate comparison over ex- 
tended periods. 

As in other textural studies, im- 
pregnation of the mold prior to 
sectioning is often necessary to 
preserve detail. The resin used for 
impregnation may be colored with 
a dye such as crystal violet to aid in 
prompt recognition of the impreg- 
nated voids under the microscope. 
" Spatial distribution of constitu- 
ents. Much can be learned by mi- 
croscopic examination with regard 
to such features as uniformity of 
mixing, agglomeration of bond 
clay, “wetting” of grain surfaces by 
additives. Again, comparison with 
file samples is essential in present- 
ing coherent reports, particularly 
over long periods and between 
different observers. 

Sections properly chosen to show 
gradients across mold details and 
normal to the metal-mold surfaces 
are invaluable in tracing segrega- 
tion of materials, improper ram- 
ming, metal penetration and burn- 
on effects.21-25 

The polarizing microscope to- 
gether with the stereoscopic mi- 
croscope have already contributed 
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largely to the understanding of 
foundry mold materials, to their 
development and to their control 
in use. Recent trends toward ex- 
tensive mechanization of sand han- 
dling and molding systems and 
casting lines create increasing de- 
mands for reliability and perform- 
ance of materials. The microscope 
will undoubtedly be used in de- 
veloping improved compositions, 
guarding their specification, and 


trouble-shooting. 
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RESEARCH IN THE PATTERNMAKING INDUSTRY 


By 


David T. Kindt* 


It is the purpose of this paper to present a discus- 
sion of research without becoming involved in highly 
technical and complicated problems. The object in 
point is to show the necessity and value of research. 

In the author's opinion, the patternmaking indus- 
try is at the threshold of a drastic change that will 
require the assistance of highly trained research per- 
sonnel. This change will involve the use of plastics 
and the training of men to use them. Because of their 
growing popularity and use within the industry, and 
because they are actually outperforming wood and 
metal equipments in some phases, the industry will be 
forced to accept them. It is not to be inferred that the 
industry will completely abandon present methods 
and go into a new and unexplored field, but it will 
gradually incorporate a department that will adapt 
itself to the use of these plastic materials. 

As we see plastics growing in acceptance by manu- 
facturers for their pattern equipments, research must 
be carried on to select specific plastics to serve the 
industry. As there are a great number of casting plas- 
tics on the market, plus a few laminating plastics, only 
a few of which are suitable for the pattern industry, 
the problem as first viewed is staggering, complicated 
and without standards to back up research. The suc- 
cess of this program depends upon the proper start in 
training and the proper selection of materials. A con- 
siderable amount of training and technical skill is 
required, and certainly the pattern manufacturer is 
best suited in this field because of his training, as com- 
pared to that of the tool and die manufacturer. 

Research is a diligent, systematic inquiry or inves- 
tigation into a subject in order to discover facts or 
principles. As related to the foregoing on plastics, we 
can readily see that the only possible economic ap- 
proach to this adaptation for the industry must be 
through research. It must be realized that it is not 
feasible to use elementary investigations to answer the 
many complex problems which face us today. Instead, 
we should use a scientific and logical approach which, 
when properly planned, will systematically classify 
new materials according to their possible uses. For 
this, professional research men familiar with the in- 
dustry for which they are solving these problems must 
be employed. 

Procurement of a particular material to perform a 


*Product Engr., The Kindt-Collins Co., Cleveland, Ohio. 
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specific job is only one phase of the research program, 
since after the specific product is found the means of 
using and handling it must be developed thoroughly 
and made as simple as possible. Often as much time 
is spent in working out the use for a newly developed 
product as in finding the product. 

Again we would like to stress the point that this 
discussion is not meant to be of a highly technical 
nature, but is intended to point out that many of our 
existing problems can be solved through research. Re- 
search is also the fastest and most exacting approach 
to any problem that is scientific in nature. 

In the pattern industry, the craftsman is more in- 
terested in the individual's ability than in the tech- 
nology of producing the various products required for 
pattern construction. This is a very serious problem 
for the manufacturers of basic materials and one that 
must be presented very carefully, inasmuch as the 
craftsman is unaware of the development programs 
which have preceded the products he uses every day. 
A full-fledged patternmaker is truly an “exalted crafts- 
man,” but he is not a chemist, nor is he a research 
man. He must rely on reputable manufacturers to 
present for his evaluation and use the finest, most up- 
to-date products. 

There are tremendous risks in research which are 
impossible to foresee. The odds in perfecting new and 
better products may run as high as one to one hun- 
dred — one hundred chances of failure to one chance 
of success — and in some cases the odds are far greater. 


Pattern Coatings 

A distinct difference exists between improvement of 
old products and the finding of new ones by research. 
for example, shellac, which is a product of nature, 
cannot be improved upon, but the alcohol in which 
the shellac is dissolved lends itself to improvement 
by the blending of various grades. It is the function 
of the research laboratory to make this improvement. 

The laboratory really went into action when the 
decision was made to develop a coating that could be 
used instead of shellac. Probably few individuals in 
the industry are aware of the tremendous task which 
faced research chemists when it came to producing a 
synthetic pattern coating which would in every way 
meet all of the requirements necessary to make it the 
best. A pattern coating, in the eyes of a highly trained 
research man, is more than just a finish applied to a 
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pattern. It represents to him the contacting surface 
for the sand of the foundry and the protection of a 
valuable piece of equipment. In appraising a pattern 
coating, consideration does not stop at the pattern 
shop, but includes all its uses in the foundry, includ- 
ing storage. 

Following are the 27 tests which the pattern coating 
material must pass: 


Appearance 

Brushability 

Gloss 

Odor 

Drying time 

Drying time over wax 

Hardness 

Abrasion resistance 

Flexibility (by bending 
around a mandrel) 

Hammer test for brittleness 

Print resistance at 120 F 

Resistance to softening and 
blistering at 220 F 

Water penetration 

Resistance to sand sticking 


Resistance to liquid partings 

Resistance to gasoline 

Resistance to kerosene 

Water blushing 

Resistance to core box cleaner 

Use on metal 

Immersion test in salt water 
(black and clear) 72 hr 

Adherence to clean primed 
aluminum 

Adherence to wax 

Adherence to plastic fillet 

Not affected by plaster 

Can be used over other 
coatings 

Can be used over old patterns 





Shellac has been used by the pattern industry for a 
century or more, yet laboratory tests have proved it 
to be a very poor pattern finish since it does not pass 
any of the specifications with outstanding results. The 
research chemist now faces the problem of blending 
a series of chemicals and solvents together to make up 
a coating which will pass the tests to the highest pos- 
sible degree. 

Many lacquers are on the market which will pass 
all of these specifications, but although they are out- 
standing on some, they fall markedly short on others. 
These are unbalanced coatings. Although it would be 
impossible to develop a coating which would pass all 
of the requirements 100 per cent, a coating has been 
developed which will pass the greatest number of 
them to the highest degree (Tables 1 and 2). 

While the finish was being developed, new applica- 
tion techniques were being worked out and, when cer- 
tain materials were incorporated, it was given flexibility 


TABLE 1—PATTERN COATINGS—DRYING CHARACTERISTICS 








Drying Drying 
Coating Over Wood Over Wax 

| rere res 60 min. 60 min. 
Crankcase Sealer ............... 15 min. 15 min. 
ot I eee 30 min. 30 min. 
IR SERSPEAEESS Pre nee 30 min. 30 min. 
REA a Sissies bass aelnaeden 40 min. 40 min. 
GI) 5 dic since as cavecdseran 10 min. 10 min. 
EE  onnix's 9:36. dona REC ee 30 min. slower 
REE s2inc sce cincnacensses ee 24 hr. much slower 


EE a's 2s phn tea gaxet need 15 min. 15 min. 
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for both brushing and spraying. Lacquers require dif- 
ferent application than shellac because of the faster 
drying time and also because of the higher solid con- 
tent. It was proved beyond doubt that approximately 
80 per cent of all patterns can be sprayed, which is 
the most efficient method of applying a coating. Sev- 
eral large pattern manufacturers are using spray 
equipment with this newly developed pattern coating. 
Although this coating can be hand brushed with ex- 
cellent results due to its self-leveling quality, it has 
been proved, both in production practice and the 
laboratory, that spraying a pattern is from 60 to 80 
per cent faster, and is superior to the coating applied 
with a brush because of its smooth and uniform film. 

This process was worked out in a research labora- 
tory, and if the pattern manufacturer would only 
realize that the time he can save in coating patterns 
would not only pay for the equipment, but would also 
give highly improved results in the foundry, it would 
seem only natural that it would be quickly accepted 
by the industry. 

There are, no doubt, some questions relative to fin- 
ishing a pattern quickly and efficiently with a spray 
gun where color coding of the pattern is necessary. 
This problem can be solved either by masking or by 
brushing on the various colors to code the pattern, 
and then spraying the whole job with a clear lacquer. 


Synthetic Glues 


The writer was asked not to limit this discussion to 
research and development by his own company. How- 
ever, to his knowledge no other pattern supply con- 
cern is doing research into the development of new 
products. Actually, the research is being done by larger 
corporations—automotive, chemical, and others. These 
concerns develop products for other industries where 
the sales are vastly higher than those which derive 
from the pattern industry, and it is our policy to eval- 
uate these developments to ascertain whether or not 
they meet the exacting requirements of the pattern 
shop. 

As an example, probably no individual supplier in 
the pattern field could afford the research program in- 
volved in the manufacture of white glue. Many brands 
of white glue are manufactured, but the question is, 
which one of these glues will best fill the needs of the 
pattern manufacturer? A research laboratory must set 
down a list of standards that a glue must pass for 
use in the pattern industry. Some of these standards 
are much more rigid than would be required, for in- 
stance, of a glue for the furniture industry. 

Here are just a few of the standards the research 
chemist must consider: 


TABLE 2—PATTERN COATINGS—Dry FitM CHARACTERISTICS 





Core Binder Resistance 








Abrasion Print 

Coating Hardness Flexibility Resistance Resistance Linseed Water Soluble 
EEE iv .004 nals gcd eka cctgsnrandece HB Yo in. 66 very poor very poor very poor 
COMMING DEMEEF oo. siete ct ecccees 1H 1 in. 45 excellent excellent poor 
GTI FE So siec neces Se oeews obec bee's 3H Y in. 35 excellent excellent excellent 
ION Ck sids <6 i ee Sakceeansns 1H ¥ in. 40 fair good poor 
Ada ei ks eg rap xaedeek pao F 1 in. 47 good excellent poor 
RN eh ostinidinsk eb tree aera eae 1H 3 in. 70 excellent excellent excellent 
EEE Ams aves xeassnacsivetsaes 1H 1 in. 67 poor poor fair 
GE oncc ce rniscstivnstdomecvewes HB ¥g in. 30 fair excellent poor 
See oo ee 2B 6 in. 67 poor poor fair 
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Amount of moisture resistance 

Tensile strength 

Shear strength 

Effect of the glue on cutting tools 

Viscosity (this determines the thickness of the glue line) 
Necessity of clamping 

Ageing qualities both in the pattern and in the can 
Effect on coatings 

Ability to withstand contraction and expansion. 


All of these requirements can be investigated and 
proved by accurate testing equipment. Comparative 
values can be established whereby eventually one of 
the many available glues proves outstanding for use 
in the manufacture of pattern equipments. 

An important fact which must not be overlooked is 
the specifications that the pattern manufacturer re- 
quires of a glue. Only men who are highly trained and 
familiar with all treatment a pattern receives are 
qualified to set up these standards. There is no doubt 
that all synthetic glues would be capable of holding 
a pattern together; however, there would be various 
stages of failure and perhaps many undesirable qual- 
ities which would show up in the manufacture and 
usage of the pattern. 

The chemical constituents of many white glues are 
much the same, consisting of approximately 45 per 
cent vinyl acetate resin, 50 per cent water and 5 per 
cent other chemicals which act as jelling agents. This 
combination is misleading since it only has about 45 
per cent glue solids and yet viscosity is extremely high. 
If judged by viscosity, it would appear to be an ex- 
tremely strong glue. 

A white glue is available which contains 55 per cent 
glue solids and varies in its chemical composition by 
containing less water, a higher vinyl resin content, 
strengthening additives, an anti-freeze component, 
but no artificial jelling agent. Physical inspection 
would lead the user to believe that this material is 
too thin as compared to what he had been using, and 
that it would not have the strength required. This is 
not true, and points out the necessity for laboratory 
evaluation since visual inspection is no proof of qual- 
ity. The glue having 55 per cent glue solids is the 
better of the two, even though it is less viscous. 


impregnation of Wood 
Another item that some of our larger corporations 
have been evaluating for some time is the impregna- 
tion of wood with a resinous material which stabilizes 
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the wood, giving it a hardness approaching aluminum. 
The actual amount of time and money spent on this 
project cannot _be determined, but such a process has 
been perfected, although it has not found wide ac- 
ceptance in the pattern industry. This is an example 
of a product that could only be developed in a re- 
search laboratory. 

The following table gives a few of the physical 
properties of impregnated wood: 


BORG MING aio 5 assoc cn cocscceccctesreccaseesgesesesse 1.35 
Rockwell hardmess, S-Scale ..........ccscvccccccsscvccsecs 110 
POUNES GE DUMENNS, EE... 2 oc ccccccccnvestecscescces 49000* 
Modulus of elasticity, 106 psi..............- bes eeeeeeeeees 4.3 
Compressive strength, pei ....... 0c. ccccscccccscccsses 28000* 
Sieear Stvemgtin, MAME. PME. 2... 20sec ccc cccccesvcccccoese’s 3400 
Enod Senpedt ctrmingein, Bt Wb/im... .. ... 22. cccccsccccccecessces 8 


*Parallel to grain and laminae 


It is difficult to predict what new products will be 
forthcoming from the laboratory, but at the moment 
casting plastics, waxes and woods are being evaluated. 

Research is often called upon to solve the problem 
of diminishing sources of supply or to produce new 
products. An outstanding example of this is lumber. 
The lumber resources of our country are constantly 
diminishing and the mills are giving less and less con- 
sideration to the quality of pattern lumber. The prob- 
lem after World War II reached the point where an- 
other lumber had to be procured since the shortage 
at that time was acute. The research laboratory was 
called upon to obtain and to evaluate samples of a 
large variety of woods from South America and Africa 
with the following standards in mind: 


Structure (density) 

Strength 

Machining and carving characteristics 

Natural defects such as knots, worm holes, etc. 
Expansion and contraction ratio 

Quantities available 


Within the past ten years, approximately 20 dif- 
ferent species of lumber have been examined and 
tested for their possible use as pattern lumber. 
Through testing, Corisa, a native wood of South 
America, has proved to be the best. This lumber has 
found acceptance in many pattern shops throughout 
the country and probably will become one of the ac- 
cepted standard lumbers for pattern manufacturing. 











RISERING OF DUCTILE CAST IRON 


RISER DIMENSIONS, FEEDING DISTANCE, AND OTHER DATA 


By 
R. A. Flinn, D. J. Reese and W. A. Spindler* 





@ To obtain a sound ductile iron 
casting, two principal factors must 
be considered, riser size and riser 
placement. Riser size can be calcu- : 
lated from Fig. 1, which provides 2in-dio.X 3 3/4in. 

both sg feed worek 4 and a casting vf 
cooling rate in the riser which is P 
sufficiently slower than that of the 
casting. Riser placement depends 4in. cube coeting——on 
on the effective feeding distance of f 
a riser in a particular casting. The 
following formulas indicate feeding 
distance in simple plates and bars; 
the data may be projected for more 
complex shapes: 

For plates, effective feeding dis- 
tance = 4.5t, where ¢ is the thick- 
ness of the plate (applies to 14 to 2- 
in. sections). 

For bars, effective feeding dis- 
tance = 61/ t, where t is the thick- 
ness of the bar (applies to 2 to 4-in. 
sections). A bar is considered as 
such when the width is less than 3¢. - ~ a 
These data corroborate those of ORiser shrinkage 
Pellini for cast steel. po ky 

When a risering system is improp- A 
erly designed, shrinkage may be en- 
countered in the casting from one fe) 
or both of the two distinct causes 
illustrated in Fig. 2a and 2b, and 
previously described by Caine! and 
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Riser-neck shrinkage (Fig. 2a) 
extending into the casting is caused _—‘ Fig. 1... Curve for calculating side blind risers for ductile iron. 
by a riser that is too small. A riser of 
the proper (larger) size freezes much later than the cannot, in general, be corrected by an increase in riser 
casting and delivers an adequate supply of liquid iron size. This type of shrinkage results from an inadequate 
to fill the shrinkage voids in the casting. thermal gradient from the riser to distant zones of the 
Centerline shrinkage (Fig. 2b) away from the riser casting. The shrinkage zone is walled off by the rest of 
~*R. A. Flinn, Professor, Chem. & Met. & Prod. Eng., University the casting from ample liquid metal in the riser. In the 
of Michigan; D. J. Reese, Asst. Mgr., Dev. & Research Dept., case illustrated, even a tenfold increase in riser size 


International Nickel Co., Bayonne, N. J.; W. A. Spindler, Asst. would not produce enough change in the thermal gra- 
Prof., Prod. Eng., University of Michigan, Ann Arbor, Mich. 55-31 
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Fig. 2a .. Radiograph of test cast- 
ing shows riser neck shrinkage ex- 
tending into the casting caused by a 
riser that is too small. 


Fig. 2b . . Centerline shrinkage (dis- 
tinct in radiograph) beyond effec- 
tive feeding distance. 


Fig. 2c .. Surface shrinkage can be 
caused by inadequate riser size or by 
exceeding effective feeding distance. 


Table 1 . . Metal Analysis (per cent) 








Heat No. TC Si Mn P 
253 3.50 2.48 22 038 
254 3.57 2.69 31 030 
256 3.44 2.38 24 034 
338 3.54 2.66 34 013 
345 3.60 2.66 31 013 
348 3.47 2.62 30 042 
352 3.62 2.58 19 060 
355 3.60 2.59 18 027 
357 3.57 2.41 17 022 
360 3.56 2.38 29 027 
363 3.58 2.69 23 029 
364 3.72 2.70 22 024 
422 3.64 2.72 -20 .022 





Table 2 . . Test Molding Sand 








Mixture Green Properties 

200 Ib Michigan City Sand Moisture 2.9-3.3% 
AFS Fineness No. 55 Permeability 130-150 

9 Ib Western Bentonite Compression 7-10 psi 


10 Ib Seacoal Deformation 0.017-0.021 in./in. 


6 Ib Water 





dient across the entire casting to avoid the uniform 
solidification pattern which blocks liquid metal flow 
from the riser. 


It is very important to notice that the remedies for 
these two types of shrinkage are distinctly different. For 
riser-neck shrinkage a larger riser is needed, while for 
centerline shrinkage either an increased number of 
risers, chill inserts in the mold, or casting design 
changes are necessary. For completeness it should be 
noted that instead of shrinkage voids at these locations, 
the cope surface may be sucked in toward the hot spot 
by the vacuum at this point; in this case surface shrink- 
age partly or completely replaces the internal shrink- 
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Table 3 . . Risering Curve Data for 3.6% C, 2.5% Si 








Ductile Iron 
Casting Size & Shape __—_—‘Riser Remarks Cstg. F.R.* V.R.* 
diam. in. No. 

2-in. dia. x 3% -in. 2% Completely sound 352-2 1.15 1.38 
25% Riser shrink 355-2 1.11 1.20 
4-in. cube 4%,  Completelysound 345-4 1.13 1.12 
4g Riser shrink 348-5 1.10 1.03 
2x2x6in. 3 Completely sound 253-1 1.18 .88 
2% Riser shrink 254-6 1.14 78 
2x6x9 in. 4%, Completely sound 363-1 1.28 .78 
45% Surface shrink 364-5 1.25 72 
1x3 x7 in. 25%  Completelysound 256-4 1.32 .68 
2% Surface shrink 257-3 1.28 ~=«.59 
1x4¥-in.R semicircle 3 Completely sound 422-4 1.41 .67 
2% Riser shrink 360-2 1.30 .51 
Yo x2Y%-in.R semicircle 14% Completely sound 363-2 1.42 .67 

1% X¢-in. riser shrink 

No centerline 

shrink 364-2 1.30 «51 
Y, x 1Y4-in. R semicircle ¥%, Completely sound 364-1 1.41 66 
1 x 5-in. R semicircle 2% Centerline shrink 352-3 1.34 .48 
2% Surface shrink 355-3 1.29 42 
1 x 6-in. R semicircle 3y% Centerline shrink 345-2 1.44  .48 
1x 5x 10 in. 34% Centerline shrink 357-6 1.42 .48 
1x4 x9 in. 3% Centerline shrink 422-6 1.50 .67 
Yo x 2Y%, x 4 in. 1% Centerline shrink 364-3 1.49 .66 
Yo x 2Y-in. R semicircle 1% Centerline shrink 357-1 1.38 .54 
Yq x 3-in. R semicircle 1% Centerline shrink 348-1 1.43 .47 
Ya x 4-in. R semicircle 1% Centerline shrink 338-1 1.57 .4!1 
V4 x 1Y-in. R semicircle % Centerline shrink 363-4 1.54 .60 





*F.R.—freezing ratio; V.R.—volume ratio 


age. The causes and remedies are the same as those just 
discussed. This is illustrated in Fig. 2c. 

Since all castings may be considered as combinations 
of the simple geometrical shapes, it is logical to deter- 
mine the feeding distance of risers in bars, plates, and 
cubes as a guide to proper riser placement in castings. 
It is evident from inspection that feeding distance in a 
cube is not a problem, since a cube is merely a very 
short bar. Concern, therefore, will be with obtaining a 
quantitative expression for feeding distance in bars and 
plates. 

Melting Practice. Melts were made in a 200-lb, basic- 
lined, high frequency induction furnace. Charges were 








Fig. 4.. Bar castings (above) and plate castings (be- 
low) used to make feeding distance measurements. 


composed of Lyle pig (under 0.05 Ti) , Armco iron, and 
standard ferro-alloys. A 2 per cent addition of a nickel 
base, 15 per cent magnesium alloy was made to the ladle 
upon tapping at 2770 F. This was followed by an 
addition of 0.75 per cent Si as 85 per cent ferro- 
silicon. Cerium was added as mischmetal (0.015 per 
cent) in small pieces mixed with the ferrosilicon. 

Castings were poured less than five minutes after 
tapping in the temperature range 2500-2590 F. Prelimi- 
nary work established this range as preferable for sound 
castings. 

Over 200 castings were poured and examined from 
25 heats and complete data are available in Reports of 
Project 1862 of the Engineering Research Institute of 
the University of Michigan. Three analysis ranges were 
explored: 

















Zc G&S 
High carbon equivalent 3.9 2.5 
Medium carbon equivalent 3.6 2.5 
Low carbon equivalent 3.6 1.8 


Since the results were approximately the same, only 
those for the more commonly used 3.6 per cent C, 2.5 
per cent Si analysis are summarized in this report. Data 
for the key castings are listed in the appropriate tables 
and analyses were + 0.10 per cent C, + 0.2 per cent Si 
as shown in Table I. 


Molding. Riser size of the castings used for the deter- 
mination of the risering curve are illustrated in Fig. 3. 
The dimensions were selected to provide a wide range 
of cooling rates. 

Feeding distance was determined with the various 
bar and plate castings illustrated in Fig. 4 and described 
in the tables of data. Some of these castings also pro- 
vided data for the risering curve. The green sand em- 
ployed is shown in Table 2. 


Inspection. In early work the principal criterion of 
soundness was careful visual inspection of sections 
through critical regions. This was more conservative 
than the technique Caine used in developing risering 
curves for steel, since the occurrence of flowed metal 
across shrinkage voids during cutting was minimized 
by sandblasting of the cut face. However, the increasing 
demand for radiographically sound castings prompted 
the use of radiographic inspection of all castings. Since 
the best sensitivity was obtainable with machined sur- 
faces, the critical sections were cut out of each casting 
for radiographing as shown by the cross-hatched marks 
in Fig. 4a and 4b. Sensitivity is sufficient to disclose de- 
fects above 0.010 in. in size in any of the castings made. 

As examples of this technique, in Fig. 5 the change 
in riser-neck shrinkage as riser size is increased is shown 
by radiographs. In Fig. 6 a typical set of radiographs 
illustrates the appearance of centerline shrinkage as 
effective feeding distance is exceeded. 


Data may be divided into two principal groups for 
discussion: risering curve data affecting riser size, Table 
3 and Fig. 1, 3, and 5, and effective feeding distance 
data affecting riser placement, Table 5 and Fig. 4 and 6. 


Risering Curve Data. The application of the risering 
curve data of the type shown in Fig. 1 to the calculation 
of the proper riser size for a given casting has been 
rather thoroughly discussed. In summary, to determine 
whether a given riser will avoid riser-neck shrinkage in 
a given casting (or portion of a casting if more than 
one riser is used) : 

1. Calculate the freezing ratio of the casting to the 
riser. Since the cooling rate of either riser or casting is 
proportional to the surface area/volume ratio, 


Surface Area 











i of Casting 
Freezing Ratio Casting ____ Volume 
Riser Surface Area A 
of Riser 
Volume 


The freezing ratio must be greater than one for all 
normal cases of sound castings, since the cooling rate 
of the riser must be less than that of the casting in 
order to have liquid feed metal available while the 
casting is solidifying. 





RIsERING OF DuctTILE Cast IRON 





















R. A. FLINN, D. J. REESE AND W. A. SPINDLER 


Fig. 5a .. Influence of riser size on 
riser neck shrinkage. Riser on speci- 
men was 2% in. in diameter. 


Fig. 5b ..Same casting with 3-in. 
diameter riser is sound. 


Fig. 6a .. Centerline shrinkage with 
riser inadequate to feed 5 in. 


Fig. 6b... Sound casting with riser 
adequate to feed 5 in. 


2. Calculate the volume ratio of riser to casting. (In 
steel the volume of liquid metal in the riser must be at 
least 3 per cent of the casting volume, since 3 per cent 
liquid-to-solid shrinkage takes place.) 

For a given casting-riser combination these two 
values establish a point in Fig. 1. For soundness the 
point must lie to the right of the curve and preferably 
in the shaded area to obtain maximum yield. Several 
trial-and-error calculations (usually two are sufficient) 
rapidly establish the necessary riser size for soundness. 

The risering curve graph has been established for 
radiographic soundness from the data of Table 3, as 
mentioned in the procedure. Proper riser neck dimen- 
sions are needed as shown by Table 4. 

In general, necks of insufficient width have been em- 
ployed in the production of plate-like castings. 

It should be re-emphasized that the above data give 


Table 4. . Effect of Neck Dimensions on Feeding Distances 











Casting Riser Neck Remarks Cstg. F.R.* V.R.* 
Size & Shape Diam. Dimensions No. 
1x 4in.-R 2% +2x1%x43 Centerline shrink 295-5 1.33 .64 
semicircular 
plate 2% +2x2%x4% Completely sound 325-1 1.34 .64 





*F.R.—freezing ratio; V.R.—volume ratio 
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only the side riser dimensions needed to avoid riser- 
neck shrinkage, and do not govern isolated centerline 
shrinkage, which is determined by effective feeding 
distance. Center-line shrinkage is avoided by proper 
riser placement and will now be discussed. 

Effective Feeding Distance Data (Riser Placement). As 
mentioned earlier, this problem resolves into the ques- 
tion “In a given bar or plate, how far will a riser feed?” 
It is assumed that the riser is large enough to avoid 
riser-neck shrinkage as calculated above. To answer this 
question, bars and plates of different lengths and cross 
sections were prepared (Fig. 4a and 4b, and Table 5). 
Comparison of these data with those obtained by Pellini 
for steel is indicated. In general the data are in re- 
markably good agreement. 

With the availability of these data, the risering of 
a given casting employing side blind risers may now be 
calculated quantitatively. Top risering should receive 
study in the future. 
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Table 5 . . Feeding Distance for 3.6% C, 2.5% Si Ductile Iron 








Casting Size & Shape Riser Remarks Cstg. F.R.* V.R.* 
diam. x ht., No. 
in. 
2x 2x 10-in. long bar 4 Sound 352-5 1.48 1.26 
2x 2x 11-in. long bar a Unsound 355-4 
2x 2x 9-in. long bar 3x4 Unsound 355-5 1.25 0.79 
4x4x12-in.longbar 7x8 Sound 353-1 1.46 1.84 
4x4x14-in.longbor 7x8 Unsound 349-1 
Y% x 1Y,4-in.-R semicircular 
plate Sound 364-1 1.41 0.66 
Y% x 1¥%-in.-R semicircular 
plate Unsound 363-4 1.54 0.60 
Y, x 14%4-in.-R semicircular 
plate Sound 422-1 1.58 0.86 
Ye x 2%-in.-R semicircular 
plate Sound 363-2 1.42 0.67 


Y_ x 2%4-in.-R semicircular 
Unsound 357-1 1.38 0.54 


plate 
%ex2Y%, x 4-Iin. plate Unsound 364-3 1.49 0.66 


VY, x 4-in.-R semicircular 
plate 3 Sound 345-1 244 1.69 
Y, x 4-in.-R semicircular 
plate 1% Unsound 338-1 1.57 0.41 
1 x 4%4-in.-R semicircular 
plate Sound 422-4 1.41 0.67 
1 x 5-in.-R semicircular 
plate Unsound 338-2 1.39 0.54 
1x 4% x 9-in. plate Sound 422-6 1.50 0.67 
2x6x9-in. plate 6 Sound 360-1 1.56 1.58 
2x6x9-in. plate 4¥, Sound 363-1 1.42 0.78 
2x 6x 10-in. plate 6 Unsound 359-1 1.54 1.42 





*F.R.—freezing ratio; V.R.—volume ratio 
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DISCUSSION 

Chairman: W. C. JerFery, University of Alabama, Tuscaloosa, 
Ala. 

Co-Chairman: E. E. PoLtarD, Tyler Pipe & Foundry Co., Tyler, 
Texas 

Secretary: H. J. PFemrrer, JR., Electro Metallurgical Co., Div. 
of Union Carbide & Carbon Corp., Houston. 

J. S. Ascouver, (Written Discussion)!: Although this paper 
will be of great practical interest and value for producers of 
nodular cast iron, the curve for calculating blind risers for duc- 
tile iron as a result of the authors’ tests is disappointing. 

In the paper the authors point out that the curve does not 
govern isolated centerline shrinkage (determined by effective 
feeding distance, viz. thermal—and pressure gradient to the feed- 
er.) By the same reasoning surface shrinkage cannot be included 
in the graph. As soon as the casting wall collapses under atmos- 
pheric pressure no more feeding is required and possible. 

All the test pieces are flat ones with flat bottom smooth with 
the bottom of the casting thus hampering feeding. Therefore 
for freezing ratios greater than 1.2 the authors’ curve is too high. 

Reference is made now to my paper entitled “Practical Con- 
sequences of Space, Time and Temperature Relations During 
Casting of Metals” published in AFS Transactions, vol. 60, pp. 
90-100 (1952). On page 94 of this volume you will note vari- 
able A in Fig. 2. When you calculate A from the formula 

Vn Vr (Vc) 

— : — = I-A— 

Sn Sr Vr 
You get for your values (cross-hatched region) A —0.17 and for 
steel we have A — 0.12 ! 

This high shrinkage value demonstrates clearly that a big 
portion of the carbon must precipitate from the melt before 
casting is complete, but excludes that feeding of ductile cast 
iron is worse than the feeding of plain carbon steel castings. 


1. Utrecht, The Netherlands. 


RISERING OF DucTILE Cast IRON 


E. C. Troy (Written Discussion)2: The authors have made a 
very useful contribution to the improved concepts of risering 
shrinking metals. 

The writer is unable to obtain a clear picture of the follow- 
ing from the text: 

Riser heights used? Between what points were heights meas- 
ured? What radius was used between junction of riser and cast- 
ing section? 

Is it possible that a different and larger radius would have 
caused displacement of the shrinkage shown in Figs. 2a and 5a? 

The surface shrinkage illustrated in Fig. 2c is explained as 
“sucked in toward the hot spot by vacuum at this point”. Since 
temperature readings to justify the existance of a hot spot are 
lacking the writer would like to suggest that this zone of final 
freezing may exist at equilibrium temperature with neighboring 
already solid metal. While this is a point of fine distinction the 
concept is in better keeping with the phenomenon of solidifica- 
tion as developed by the Heat Transfer Committee. A somewhat 
different explanation for this commonplace manifestation of 
shrinkage would be as follows: 

“Where internal shrinkage in a uniform section is prone to 
form, such shrinkage is often displaced to a surface of the sec- 
tion by the action of atmospheric pressure acting to collapse 
the weak and plastic casting surface. 

J. B. Caine (Written Discussion)8: The authors are to be con- 
gratulated on a significant contribution, not only to the riser- 
ing of ductile cast iron, but to the risering of metals in general. 
It will require only a few more papers such as this to enable the 
foundryman to calculate riser sizes for any metal, knowing only 
the solidification characteristics of the metal. 

Of significant importance to this discussor is the difference in 
riser sizes found in this investigation, versus those found by 
Shnay and Gertsman, as reported in the 1954 AFS TRANSACTIONS. 
One significant difference is that blind risers were used in this 
work with heat transfer into the sand about equal to that of 
the casting. Shnay and Gertsman’s risers were uncovered open 
risers. The difference in riser size for casting solidity is not small, 
but amounts to over 100 per cent. This should be the final proof 
needed to convince the foundryman that all risers should be 
covered and covered in such a manner that they do not radiate 
heat into the atmosphere until they are completely solid. 

Even the smaller risers found sufficient in this work are larger 
than those required for steel. The authors have spotlighted a 
significant omission in the original work in steel. The steel cast- 
ings were not radiographed and traces of shrinkage may have 
been missed. Did the authors find a significant difference in 
riser size to obtain under riser solidity when the castings were 
visually inspected, versus radiographic inspection? This point is 
important. If there was no significant difference between under 
riser solidity with the two inspection methods the curves and 
equations for ductile iron and steel are comparable. This will 
shed light on the fundamental solidification behaviors of an al- 
loy freezing dendritically and one freezing as an eutectic. This 
is basic information needed for risering in general. 

If there was a difference in under riser solidity due to inspec- 
tion technique, could the authors draw another line in Fig. 1 
to show the curve for visual solidity? This point also has prac- 
tical importance, for most castings are being made to visual 
solidity. 

This discussor is also interested in why the authors did not 
extend the line in Fig. 1 to the right of 1.4 Freezing Ratio. It 
would seem possible to differentiate between under riser shrink- 
age and centerline shrinkage in these castings and determine 
which risers were adequate, even though there was shrinkage 
away from the risers. 

R. C. SHnay (Written Discussion)4: The feeding distances for 
long bars and rectangular plates have not been reported previ- 
ously and comprise a worthwhile addition to the knowledge of 
this subject. Some of the feeding distance data presented by the 
authors corroborates the results published in our first paper on 
the risering of nodular iron.* The values reported for the feed- 
ing distance of 1%4- and l-in. semicircular plates agree within 
l-in. This agreement is interesting when one considers the dif- 
ference in risering arrangements. 


2. Foundry Engineer, Palmyra, N. J. 

3. Foundry Consultant, Wyoming, Ohio 

4. Metallurgist, Physical Metallurgy Division, Mines Branch Dept. of Mines 
& Technical Surveys, Ottawa, Ontario, Canada. 
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Fig. A—Comparison of Computed Points and Points Observed 
by Flinn, Reese and Spindler. 


The risering curve shown in Fig. 1 of the paper under dis- 
cussion is of the same general mathematical form as that de- 
veloped by J. B. Caine.** This relationship is given by the 


equation x = ~ + c where x represents the freezing ratio and 
y represents the volume ratio. The constants “b” and “c” are 
known from previous work *, **, and in this case should have 
the values 0.05 and 1.00 respectively. With two of the constants 
known it is a simple matter to compute the value of third for 
any point on the curve. 

We have computed values for the “a” constant for 6 points 
taken from Fig. 1. These values varied from 0.147 to 0.160. A 
value of 0.15 was chosen and new points were computed. The 
computed points and the ones taken from Fig. 1 of the paper 
are shown in Fig. A. 

A risering curve for nodular iron was presented in our paper;* 
“a” and “c” constants were 0.40 and 1.35 respectively. The seem- 
ingly high value of the “c” constant was due to the use of open, 


a 
This curve also followed the general form x = t- + c, but the 


uncovered risers. The main effect of the larger “a” constant is 
to shift the knee of the risering curve up and to the right. An 
increase in the value of this constant would therefore indicate 
the need for larger risers. This is especially true for chunky 
castings. 

Contrary to previous suggestions*, **, it seems that the “a” 
constant is at least partially dependent on the location of the 
riser in relation to the geometry of the casting. The only major 
difference between the material used in our investigation and 


“R. C. Shnay and S. L. Gertsman: A.F.S. ~~ ea v. 62, p. 314, 1954. 
**J. B. Caine: A.F.S. Transactions, v. 56, p. 492, 1 
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that used by the authors of this paper was the silicon content 
(about 3.00 per cent as compared to 2.50 per cent). It seems 
doubtful if this difference could account for the variation in the 
values of the “a” constants. However, the effect of the hot spot 
at the junction of the riser and casting would be much less with 
the side risers used by the authors of this paper than with the 
type of top risering used in our investigation. Chunky castings 
would of course be more severely affected than rangy castings 
and a greater value could be expected for the “a” constant. 

There are several statements contained in this paper which 
warrant some further discussion. 

The authors have stated that in one case (a 1-in. x 5-in. radius 
semi-circular plate) “even a tenfold increase in riser size would 
not produce enough change in the thermal gradients across the 
entire casting to avoid the uniform solidification pattern which 
blocks the liquid metal flow from the riser.” This statement is 
correct if the tenfold increase in riser volume is obtained by in- 
creasing the height. However, the tenfold increase in volume 
could also be obtained by increasing the riser diameter from 
27% in. to about 9 in. The presence of such a large mass of metal 
in this form should certainly change the thermal gradients across 
the casting. 

The pouring temperatures used by the authors ranged from 
2500 F to 2590 F. This temperature range was described as being 
preferable for sound castings. It would be interesting to know 
the reasons for this, since it seems to indicate that riser ade- 
quacy is dependent on pouring temperature. 

The authors have studied three composition ranges but have 
found that the results were approximately the same for all three 
ranges. Are these the results of the determinations or riser ade- 
quacy or feeding distance? 

J. J. Henry5: The question of freezing ratio, as used by many 
investigators, can be misleading. The formula SAc/Vc is called 
freezing rate. It is however, a geometric ratio that is used as an 
approximation to the freezing rate. My point is that work should 
be done using thermocouples inserted into the riser and the 
casting to gei exact freezing rates when preparing fundamental 
data. It is a known fact that variations in shape can affect the 
freezing rate much more than the geometric ratio approximation 
will show. Other variables such as temperature of the metal, 
conductivity of the sand, amount of metal passing through the 
riser, as well as others will affect the freezing ratio and not be 
shown by the geometric ratio. 

Mr. FLINN (Authors’ Closure): The authors wish to express 
their thanks for the many excellent discussions. 

In reply to specific questions: 

Riser height was equal to the diameter and a hemispherical 
top with r = ¥% diam. of riser was used. 

Riser neck design requires further study and may improve 
the riser efficiency. 

The x-ray technique for inspection was more critical than 
visual observation. In early stages of this work the authors 
used lightly sandblasted cut sections as well as acid etched 
sections. The x-ray technique is not only more sensitive but 
also indicates shrinkage which is either not at theoretical 
thermal center of the casting or which may be destroyed by the 
saw, if small and localized. 

We would suggest that the risering curves for steel and duc- 
tile iron as well as the feeding distances are roughly comparable 
for the following reason. The ductile iron has a larger freezing 
time which would increase feeding problems but also has the 
expansion reaction of graphite precipitation to compensate for 
shrinkage. 

While then risering curves are of great practical value it 
should be appreciated that they are empirical. For example, 
approximation by Caine that the freezing ratio is proportional 
to a/V and not (a/V)?2 tends to invalidate any basic significance 
of the constants of the hyperbola. 


5. Forest City Foundries Co., Cleveland, Ohio 

















It is indeed a happy occasion for me to launch this 
Symposium on Non-Destructive Testing, jointly spon- 
sored by the Society for Nondestructive Testing and 
the American Foundrymen’s Society, because I have 
long felt quite keenly that the average foundryman 
has made far too little use of a number of very im- 
portant tools which can achieve much in his quest 
for an improved casting quality. We are convinced 
that a careful study of how the individual shop can 
make use of non-destructive testing as part of an 
over-all, well balanced quality control program will 
be of vital interest to the entire Castings Industry in 
the years ahead. 

Non-destructive tests have for their purpose the de- 
tection and evaluation of defects or the measurement 
of strength or serviceability of parts, without damag- 
ing or destroying the object under test. They differ 
fundamentally from proof tests and coupon tests. 

Most non-destructive testing methods involve far 
more than a mere external visual inspection of sur- 
faces. Rather, in most cases, the non-destructive test 
is designed to reveal the properties of the interior of 
a test object without the need for sectioning or de- 
stroying. Practically all fundamental principles of 
physics have been successfully applied to obtain, non- 
destructively, data concerning test specimen properties. 

One of the important concepts we hope to convey 
to you through this Symposium is that non-destructive 
proof of the existence of a flaw or defect does not in 
itself express the influence of that undesirable con- 
dition upon the strength or ultimate serviceability of 
the test piece. Unfortunately, there is a serious lack 
of specific information on the influence of defective 
conditions upon strength and serviceability. It must 
be clearly understood that the non-destructive test 
cannot supply this knowledge. Those who are un- 
familiar with the basic nature of non-destructive test- 
ing all too often expect this tool to work miracles or 
to make up for the lack of specific knowledge of the 
causes of service failures or operating difficulties. Only 
destructive tests or operating experience can supply 
this information, usually by comparing test coupons 
free from flaws with those containing known defec- 
tive conditions. 

Another important aspect, which will be brought 


*An introduction to the AFS-S.N.T. symposium on Non-De- 
structive Testing presented in Houston, Texas, May 27, 1955. 

**Technical Director, American Foundrymen’s Society, Des 
Plaines, Ill. 
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out in the subsequent series of papers, is that a proven 
correlation must exist between the property actually 
measured by the specific non-destructive test used and 
the strength or serviceability property predicated from 
the measurement. While such correlation is usually 
implied it is all too seldom definitely proved. 

From my own experience in the early days of World 
War II, which has been corroborated by much author- 
itative data found in the literature, I am convinced 
that millions of dollars worth of finished parts and 
thousands of man-hours were irretrievably lost, pri- 
marily in the aircraft industry, as a result of radio- 
graphic rejection of castings, because a series of ar- 
bitrary standards had been established with fear as a 
basis rather than sound knowledge based on the re- 
sults of tests. 

Intelligently used, non-destructive testing is an in- 
valuable, economical tool in the hands of a trained 
engineer or technician. 

Table 1 shows a summary of the principal types of 
non-destructive tests that are available to the foundry- 


TABLE I—NON-DESTRUCTIVE INSPECTION OF CASTINGS 














1) Visual Inspection* 
2) Sound or Percussion Inspection 
3) Impact Test 
4) Pressure Test* 
Water 
Steam 
Air 
5) Radiographic Examination* 
X-ray Radiography 
Gamma-Ray Inspection 
Fluoroscopy 
Radioactive Isotopes (Cobalt 60) 
6) Magnetic Particle Inspection* 
Dry magnetic particle method 
Fluorescent wet magnetic particle method 
Fluorescent Penetrant Inspection 
Filtered Particle Test 
7) Electrical Conductivity* 
8) Magnetic Analysis 
Cyclograph 
Magnetic Analysis Comparator 
9) Supersonics (Mechanical Vibration) 
Sperry Supersonic Reflectoscope 
Immersion Ultrasonic Scanner 
10) Experimental Stress Analysis* 
Brittle Lacquer Technique 
Strain Gages 
Photoelasticity 
11) Chemical Spot Tests* 
Process Defect Test 
Inherent Defect Test 
12) Hardness Testing 
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TABLE 2—FLAws Most FREQUENTLY RECOGNIZED 
THROUGH NON-DESTRUCTIVE TESTING 








1) Inadequate Dimensions or Sections 
2) Improper Materials or Structures 
3) Improper Alloying or Heat Treatment 
4) Casting Defects 
Misruns 
Porosity 
Shrinkage 
Dross 
Inclusions 
Segregation 
Blow-holes 
5) Plating Defects 
Pits 
Bubbles 
Thin Spots 
Machining and Grinding Defects 
Surface stress concentrations 
Grinding cracks 
Regions of cold working 
7) Welding Defects 
Oxide inclusions 
Unbonded welds 
Insufficient penetration 
Porosity 
8) Service-Incurred Defects 
Corrosion 
Pitting 
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man. Of these the most commonly used are denoted 

by an asterisk; and much reference material is avail- 

able in the literature concerning their value and ap- 
plication. 

Table 2 presents a list of the defective conditions 
most frequently recognized as a result of non-destruc- 
tive procedures and is incontrovertible evidence of 
their vital part in a quality control program. 

Some of the properties actually measured by typical 
non-destructive tests, of especial interest to the 
foundryman, include the following: 

a) Geometric properties such as size, shape, thickness, 
porosity and shrinkage. 

b) Mechanical properties such as elasticity and hard- 
ness. 

c) Metallurgical properties of structure and compo- 
sition such as segregation, inclusions, corrosion 
and grain size. 

d) Magnetic properties such as magnetic perme- 
ability. 

Non-destructive tests must be designed and speci- 
fied for reliability in each individual application. The 
foundryman must not fall into the trap of assuming 
that there is such a thing as a universal non-destruc- 
tive test, which is applicable to every kind of mate- 
rial under all operating conditions. Rather, each non- 
destructive test must be specifically designed with a 
full understanding of the function of the part being 
tested, and the ultimate conditions of service to which 
it will be subjected. 

Even the well established methods of non-destruc- 
tive testing, which are accepted throughout the 
Industry, are subject to limitations. For instance, 
radiography, an invaluable tool for the detection of 
porosity, shrinkage, and inclusions in castings, can- 
not predict the actual load necessary for service fail- 
ure. Similarly, magnetic particle inspection cannot, 
with any degree of certainty, predict fatigue strength 
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values, or the load necessary that will result in static 

failure of the part under test. 

Most non-destructive tests depend, for communica- 
tion of information concerning the object under test, 
upon five essential features, as follows: 

1) Supplying energy from an external source to the 
test object. 

2) Modification of the energy distribution within the 
object under test as a result of its internal defec- 
tive condition, or variation in the inherent prop- 
erties, which correlate with servicability. 

3) Detection of the change in energy by means of a 
sensitive detector. 

4) Visualization or recording of the measurement 
from the detector in a form useful for interpre- 
tation. 

5) Interpretation and correlation of the indication so 
that the serviceability of the object under test can 
be evaluated. 

While the scope of equipment available for the use 
of the various methods of non-destructive testing de- 
vised is almost limitless, a few relatively simple and 
well-proven installations will be described this after- 
noon that should satisfy the average needs of produc- 
tion foundrymen. 

During the past two decades a number of signifi- 
cant non-destructive tests have been developed and 
extensively applied in industry. Some reveal the na- 
ture or identity of the discontinuities that occur in 
cast products, others give only an indication that the 
defective condition exists, irrespective of type. It is 
desirable, therefore, to establish an understanding of 
the proper identification of terms. 

Your especial attention is invited to the tentative 
industrial radiographic terminology developed for the 
radiographic inspection of castings and weldments, 
which has been made available by the American So- 
ciety for Testing Materials. It would facilitate appre- 
ciably the application of non-destructive tests if all 
the different producers, consumers, government agen- 
cies, consulting laboratories, and technical societies 
would adopt a common terminology for the discon- 
tinuities that may occur in our products. Anyone in- 
terested in non-destructive testing should assist in 
attempts to attain a generally accepted terminology 
as well as recommended testing procedures, specifi- 
cations and standards. 

Constantly increasing service requirements in cast- 
ings call for ever more critical and exacting inspec- 
tion, requiring the close cooperation of management, 
designers and metallurgists. Non-destructive testing 
is the tool that should be exploited to the fullest ex- 
tent. 
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USE OF COBALT 60 FOR CASTINGS 


By 


Jewelle N. Ketchbaw* 


Dr. Robert C. McMasters said in his Marburg lecture, 
“Nondestructive testing is fact finding, even when the 
facts are hidden from ordinary observations. It is an 
extension of human observations.” 

So radiography with cobalt 60 produces information 
concerning the internal conditions of a casting. The 
use of cobalt 60 in the foundry industry is of prime im- 
portance today because radiography is a control tool 
that is being used to decrease cost by improving the 
yield. When a foundry starts production of any new 
casting a pilot casting is generally made to determine 
if the production technique is correct as to gates, 
risers, etc., and it is the customer that demands radio- 
graphing, but it is becoming increasingly important to 
the foundries to do it on their own from a quality- 
control standpoint. 

A foundry can have its own radiographic depart- 
ment or have the service of an industrial laboratory. 
A foundryman recently said that his plant had its 
own department two years ago at a cost of approxi- 
mately $2500.00. It was not elaborate but adequate. 
They have found it very satisfactory, and it has proved 
to be a quality-control measure of the greatest im- 
portance. Their radiation source is cobalt 60. 

Cobalt 60 is a very worthy radiation source because 
of the small source size of high intensity and the high 
intensity is good for short film distances; with fine 
grain film it gives adequate sensitivity over a wide 
range of material thicknesses. One curie or under of 
cobalt 60 is good for shop use on castings with wall 
thicknesses as of from | to 4 in. Multi-curie sources of 
cobalt 60 can be used on castings up to 12 in. in 
thickness. Cobalt 60 is relatively inexpensive. One 
curie costs $225 plus cost of container. Suitable stor- 
age containers are available from suppliers. Cobalt 60 
has little maintenance cost and can be used in loca- 
tions that are inaccessible with large equipment. 

Authorizations can be obtained from the Atomic 
Energy Commission for use of radioisotopes, of which 
cobalt 60 is probably used more than other isotopes. 
A. E. C. regulations are imposed so that each user 
must apply safeguards in handling isotopes. Do not 
be misled by some publicity as these radioactive source 
materials can be handled with safety provided the 
user knows the hazards and applies recognized safe- 
guards. 

As one Houston foundryman said recently, “The 


*Industrial Welding & Testing Laboratory, Houston, Texas. 
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most important factor of a radiographic department 
in a foundry is film interpretation.” The operation in 
a foundry should set up the exposures so that they 
will be diagnostic, process and read the films intelli- 
gently. And the technician should be familiar with 
all factors relative to health hazards to protect all 
personnel as well as himself. 

If it is not feasible for a foundry to have its own 
radiographic department, then laboratories can be 
used to good advantage. Laboratories have experi- 
enced personnel who are trained in the interpretation 
of the resulting radiographs. Some foundries find it 
more advantageous to send castings that are easy to 
handle to the laboratory, but when they are awkward 
to handle the laboratory people go into the plants. 





Large flanged steel casting under radiographic inspection. View 
at top shows cobalt 60 source positioned in inspection area. 
Bottom — Radiographic film placed on outside of casting. 
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A typical gamma-ray set-up showing a number of castings being 
radiographed simultaneously. Cobalt 60 is radioactive source. 


As an example, one plant had a 7000-lb drum-type 
casting used for high-pressure oil field service; this 
casting was 6 ft long, 30 in. OD with a 7-in. flange, the 
nominal wall thickness was 4 in. and varied to 6 in. 
plus, in bosses. The radiographs were made with co- 
balt 60 on a Saturday morning when the foundry per- 
sonnel was not working. In a little over 4 hr the pic- 
tures were made, the films were processed on the job 
site, and the foundryman was satisfied as to the qual- 
ity of his casting. We were able to discern discontinvu- 
ities that were equivalent to or greater than 2 per cent 
of the casting thickness. 

Cobalt 60, as mentioned previously, is portable, and 
it is self-contained as far as utility requirements are 
concerned. Laboratories find the portability of iso- 
topes in field work an advantage; also the flexibility 
which results from the small source size that can be 
inserted into confined locations. 

A number of 1000-lb 90° elbows, 18-8 stainless steel, 
with 114-in. wall to 41,-in. flange were shipped to the 
laboratory for 100 per cent radiographing; the cast- 
ings had to meet A. S. T. M. Standard Class II for 
castings. The 100 per cent radiography was required 
due to the nature of the service in which these cast- 
ings were to be used, inasmuch as a failure could cost 
hundreds of thousands of dollars in refinery destruc- 
tion and stoppage of production. The cost of radio- 
graphing these castings was neglible in view of the 
fact that the one failure could be so costly. In fact, 
today many refineries and chemical plants thoroughly 
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Typical radiograph obtained by use of cobalt 60 source. 


inspect castings and forgings before they are placed 
in production. 

It is often the opinion of the foundrymen that the 
castings meeting hydrostatic test requirements are 
sound castings, but radiography has shown us that a 
casting having an internal defect may pass a hydro 
test and then, upon re-examination, the defects are 
found to be elongated. It goes without saying that 
this condition constitutes a potential failure. 


A few dollars spent to control the quality of a new 
or continuous process often saves considerable money 
for the foundryman by reducing the number of re- 
jects. Also of importance in the ever-increasing market 
of today is the raising of the quality produced without 
increasing manufacturing costs. Foundrymen are find- 
ing that it is much less expensive to radiograph sample 
castings than to section them for metallurgical an- 
alysis. 

Although this discussion has been on the role of 
gamma radiography in reducing costs and in quality 
control, there are many types of inspection tools avail- 
able and each has its advantages and disadvantages — 
in fact, sometimes two different nondestructive test- 
ing methods are required to obtain complete factual 
information as to the quality of the product. 








INCREASED FOUNDRY PROFITS THROUGH 
NON-DESTRUCTIVE TESTING 


By 


Kermit Skeie* 


Rather than spend any time on magnetic particle 
testing, the writer would like to discuss briefly four 
principal sources of profit that can be obtained 
through the intelligent application of non-destructive 
methods to foundry operations. Before we can choose 
the proper test method or methods, we must have our 
objectives clearly in mind. 

First of all, the writer would like to predicate his 
remarks with the statement that of all engineering 
material available to the metal industry today, cast- 
ings have been exploited less than most others. The 
combination of imagination, sound engineering, and 
dependable castings could add immeasurably to the 
tonnage being consumed today. But a lack of faith 
in castings is inferred by the producer all too fre- 
quently. This, of course, is transmitted to the user. 
As an example, Jack Caine has pointed out that all 
foundries use crane hooks, but he knows of only two 
who use cast crane hooks. 

This paper probably should have been entitled “An 
Outsider Looks at the Foundry Industry,” with the 
writer admitting his deficiencies in such matters as 
directional solidification, metal penetration, etc. But 
we in the field of non-destructive testing do have a 
vantage point because we have rather close contacts 
not only with foundrymen, but with foundry custom- 
ers and the ultimate users throughout the service 
life of the parts. 

Three somewhat divergent views are usually found. 
It might be said that when these three points of view 
become nearly the same, then the foundry industry 
will grow immeasurably. Those of us engaged in sell- 
ing the intelligent use of non-destructive testing have 
been frequently accused of selling the foundry’s cus- 
tomer a superfluous tool that is merely a headache to 
the foundry and which serves no useful purpose. 
Granted, there are abuses of these methods in all 
fields of endeavor, but the tools will become increas- 
ingly essential if the full potential of cast materials 
is to be realized. Proper use of these methods in the 
foundry should tend to obviate the necessity to use 
them in the customer’s plant. Recently the author 
saw a pile of castings representing $6,000 worth of ma- 
chine time which were scrapped because of cracks dis- 
covered in the machining. What was the reaction in 
this case? This concern is seriously contemplating re- 
designing so as to use another means of fabrication. 

A quotation taken directly from a story obtained by 
a reporter from a large heavy machinery builder 
might be interesting. “. . . the process (magnetic par- 
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ticle testing) aided in redesign of parts, particularly 
castings. Where castings were discovered to be faulty, 
they were scrapped. Meanwhile, magnetic particle 
testing was showing up results of lax foundry practice 
and, in many cases, castings that were too intricate in 
design for sound manufacture. This speeded up the 
trend toward weldments in major parts. . .” 

Perhaps it might be said that magnetic particle 
testing caused this loss of tonnage to the foundry. But 





Fig. 1—Old design (left) of pillow block and redesign (right) 
which increased strength, was easier to pour, and reduced scrap 
loss. 


if some of these castings were too complex for good 
pouring practices and sound castings, perhaps the 
combination of welding two or more castings together 
would have been a superior answer. It was up to the 
foundry to take the initiative and offer a redesign. 

This, then, represents the greatest profit potential 
in the use of non-destructive testing —the use with 
the tools of experimental stress analysis to hold and 
increase business. We have already heard how these 
tools can be used in the foundry to 1) make a part 
easier to cast; 2) reduce weight; 3) convert parts from 
other means of fabrication, and 4) use a sales tool to 
get customers to look to the foundry. As long as so 
few design engineers have any knowledge of foundry 
practices, and as long as a foundryman will try to 
make a casting out of any blueprint or pattern fur- 
nished him, castings will continue to be sold by the 
pound as castings, and not by the piece as engineered 
material. And worse, a lower percentage of parts will 
be cast. Historically, foundry customers have been 
those buying castings, and any appreciable expansion 
has been the result of an expanding economy, not of 
expanded use and applications. 

Let us look at an example or two of how the use of 
these tools pays off. Here is a casting (Fig. 1) on 
which there was no record of service failure. Should 
we have let well enough alone? Redesign was under- 
taken with the customer’s permission because it was 
difficult to pour, scrap losses were excessive, and 
profits rather volatile. Through a three-step evolution 
using brittle coatings for evaluation, a part was de- 
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veloped that was 50 per cent stronger and much 
easier to pour. The strength increase was incidental in 
this case, but the price was reduced 10 per cent and 
yet the profit margin was increased because there 
was practically no scrap loss due to defects. Time ex- 
pended on redesign was 36 man-hours, and the cast- 
ing has a much better appearance (Fig. 1). 

If a part fails in service because of poor design, 
the chances are it will fail through a defect or stress 
raiser, and the foundry is blamed because of lack of 
dependability. Other non-destructive test methods, 
such as magnetic particle, radiography or penetrant 
techniques may also indicate the need for minor de- 
sign changes or changes in pouring practices that will 
eliminate the source of defects. Why, for example, in 
a steel casting, would a square outside corner be 
retained that causes repetitive cracking over the edge 
when all that would be required to eliminate these 
cracks would be the introduction of a minor radius 
in the pattern? 

The use of non-destructive testing for this general 
purpose is the second great source of profit. Any 
foundry pouring something besides sash weights that 
doesn’t have a radiographic source is probably losing 
a minimum of 2 per cent saleable product. One firm 
has attributed the reduction of salvage welding from 
22 manhours per ton down to 5 hr per ton directly to 
the corrective action indicated by magnetic particle 
testing. 

This introduces a third source of increased profits 
that can be attained through intelligent use of non- 
destructive testing. A number of foundrymen have 
either refrained from installing these tools or keep 
them hidden for fear their customers will insist on, 
let us say, a 100 per cent inspection. Few people would 
arbitrarily impose extra cost without justification. But 
when such acceptance tests are imposed because of 
loss of machine time, field failure, or poor appearance, 
the tendency is invariably to make the tests more 
stringent than need be. Here lies the source of addi- 
tional profit. Educate buyers of castings. 

Far too little is known about the significance or ef- 
fect of various types of discontinuities on part serv- 
iceability or fatigue life. This we do know — parts 
with holes appropriately located can be much stronger 
than the same structures without them. A part with 
multiple grooves, such as a splined shaft, is much 
more resistant to fatigue than a similar part with a 
single groove, such as a keyway. The size of a discon- 
tinuity is of relatively little importance as compared 
to the orientation or shape. Take this simple paper 
illustration —a razor cut in the center of a square 
piece. It can be pulled with approximately equal 
force in several directions with no effect. But by ap- 


TABLE 1—DEFINITION OF FOUNDRY INSPECTION 
REQUIREMENTS 





Critical 
That which endangers life and limb, under which category we 


can not accept any known defects. 

Major f 

Those items which through application and use will bring about 
early failure and/or gratis service. 

Minor — 

Those items, in neither of the above categories, which in them- 
selves create manufacturing losses with interference in assembly. 
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Fig. 2—Fluorescent magnetic particle equipment. 


plying the same degree of force directly perpendicular 
to the cut, it breaks easily. Education of foundry cus- 
tomers is needed. 

If a customer can be assured of a complete lack of 
minor cracks in the areas of highest stress, then there 
should be no need to even look elsewhere. Stress an- 
alysis will determine these critical areas and also in- 
dicate where discontinuities are unimportant. One 
firm’s definition of critical, major, and minor defects 
is shown in Table 1. Areas on a casting may be so 
indicated. And a sampling inspection with magnetic 
or penetrant methods will be all that is necessary to 
assure complete dependability. These test methods are 
regarded as indispensable allies to increase yield in 
many foundries, and not as means of: scrapping cast- 
ings. When foundries universally adapt these tools for 
control purposes, there will be practically no cus- 
tomer specifications calling for their application as 
acceptance tests. 

The fourth possible source of profits that has not 
been extensively exploited in the foundry is the sub- 
stitution of instrumentation for manpower in the use 
of non-destructive testing. In some cases 100 per cent 
scrutiny is indicated. For example, on thin walled 
gray iron castings such as sewing machine heads, end 
frames, gear housings, etc., non-destructive testing may 
be necessary because of difficulties in controlling 
handling practices. A conveyorized fluorescent mag- 
netic particle inspection installation will frequently 
reduce the cost of this inspection more than one half 
over a visual or a percussion test. On some critical 
steel castings, it may be desirable to locate and re- 
pair any defectives before heat treatment. Some de- 
gree of automation may reduce costs by two-thirds 
(Fig. 2). As an illustration, a special piece of equip- 
ment in a steel foundry released four men for other 
duties and yet allowed for a 60 per cent increase in 
output over previous methods. At that rate the in- 
vestment was returned in 6 months. Can you make 
money any faster? Automation in the foundry has 
been extensive, but there are few non-destructive test 
installations in foundries, comparable to those found 
in forge plants, that have kept pace with modern 
molding and sand-handling practices. 








USE OF EXPERIMENTAL STRESS ANALYSIS 


AS A CASTING DESIGN TOOL 


By 


Joe W. Beckham* 


It is probably safe to say that within the past decade 
every major mechanical achievement has been depend- 
ent in some way upon experimental stress analysis 
for its success. Yet, twenty years ago experimental 
stress analysis was virtually unheard of. The extremely 
rapid growth of this field has resulted in the accumu- 
lation of a large amount of literature devoted to ad- 
vanced and specialized techniques, and very little lit- 
erature describing the basic tools and their applica- 
tion in solving everyday problems. In view of this sit- 
uation, the writer will endeavor to describe a very 
simple and effective method of stress analysis used 
to grade papers on casting design. 


Before explaining this program it would be well to 
define experimental stress analysis. Formally speak- 
ing, it could be called a field of research devoted to 
the study of stresses (generally due to external loads) 
in bodies or structures. The stress analyst, therefore, 
is faced with finding how great these stresses are in 
some mechanical member under a given loading con- 
dition. Since stress is the load carried per unit of cross- 
sectional area, its units of measurement are pounds 
per square inch. This stress can be accurately figured 
only in simple shapes such as bars loaded in compres- 
sion, tension bending, and torsion. Since castings are 
by nature of complex shapes, it can readily be seen 
that the stresses in such nonuniform bodies would be 
impossible to figure mathematically. This situation 
would have been hopeless if it hadn’t been for the 
observation of Robert Hooke in 1678 that in most 
materials stress is proportional to strain. This is 
known as Hooke’s Law and is the basis for almost all 
experimental stress analysis. 

Sttain is defined as deformation, and unit strain 
(the most interesting to us because it is proportional 
to stress) as deformation per unit length. Unit strain 
is usually referred to as strain, and its unit of meas- 
urement is inches per inch, or more commonly micro- 
inches per inch. The constant of proportionality be- 
tween stress and strain is called the modulus of elas- 
ticity or Young’s modulus. 


The three most important tools of experimental 
stress analysis are: 1) stresscoat (brittle lacquer), 2) 
SR-4 bond wire strain gages, and 3) photoelasticity. 


*Design Engineer, Texas Foundries, Inc., Lufkin, Texas. 


The first two techniques are the ones we use in our 
work to take direct measurements of strain on the 
surface of the working part. From these strain meas- 
urements the stresses are calculated directly by mul- 
tiplication of the strain by the material’s modulus of 
elasticity. In photoelastic stress analysis, a model of 
the part is made from one of several transparent ma- 
terials. The stresses in this material are shown as 
alternate light and dark bands which appear when 
the model is loaded in a field of polarized light. 

With the foregoing brief explanation of the de- 
velopment and basis of stress analysis, we can go on 
with the discussion of how foundries can and are 
using these tools to improve their products. The peo- 
ple using this method find that experimental stress 
analysis can be a practical and effective approach to 
designing castings for critical applications. 

It may be thought that such a program would be 
far too expensive to set up in a plant. Actually, the 
equipment for doing this work can be as simple or 
elaborate as desired. The lowest priced stresscoat kit 
will provide sufficient equipment to start a design pro- 
gram. It is possible, on the other extreme, to obtain 
very accurate and costly strain gage equipment for 
use in measuring strains in members under dynamic 
or actual field loadings. For our purpose we chose to 
begin with a rather inexpensive but effective setup. 
Equipment consists mainly of a stresscoat outfit priced 
at about $700, a portable strain indicator at about 
$450, and assorted portable power rams and fix- 
ture costing around $350. In addition to the above, 
since no other space was available, two rather small 
rooms were added to the research laboratory to be 
used as preparation and testing rooms. The personnel 
of the design department presently consists of only 
the author and a laboratory assistant who serves as 
draftsman, helps make the testing jigs and prepares 
the samples for testing. 

The design procedure uses a minimum of mathe- 
matical calculation since, as previously mentioned, 
the mathematically determined stress, if possible to 
estimate at all in these complex shapes, is not ac- 
curate enough to use as a design guide. By using stress- 
coat brittle lacquer in conjunction with SR-4 strain 
gages, however, these strains or stresses are accurately 
and readily determined when the casting is placed 
under loads simulating field conditions. 
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With this design tool and the methods we will 
elaborate on later, we are able to give the customer 
a better casting, or convert his weldments or forgings, 
in most cases, to properly designed castings at a sub- 
stantial saving. Proper stress ‘balance often gives the 
customer a lighter casting of the ‘same strength by re- 
moving excess metal in low-stressed areas, or it can 
increase the casting’s strength greatly by proper dis- 
tribution of the metal and still not increase the 
weight. The customer will also benefit by our con- 
sideration of design for best foundry practice, thus 
giving him minimum scrap and maximum yield in 
production. 

The foundry, in turn, benefits from the proper de- 
sign because, during the development, all concerned 
with the future production of this casting are in- 
volved in making the samples. This gives everyone 
an opportunity to make helpful and cost-saving sug- 
gestions concerning his particular job on the casting 
while it is still in the design stage. The end result, 
therefore, is a properly designed casting incorporat- 
ing both uniform stress balance and ease of casting. It 
might be mentioned here that proper design calls for 
elimination of ribs, sharp corners, and uneven sec- 
tions in favor of smooth, flowing lines and gradual 
blending of lighter sections into heavy ones when they 
are necessary. As we all know, this is a great help in 
production of a good, solid casting. 


Secure Evaluation Information 

The first step necessary to start on any redesign 
project is to get sufficient pertinent information from 
the customer concerning his problem to enable us to 
evaluate his present design and make a proposal for 
improvement. Recently the writer made up a form 
for the salesmen that serves as a check list for getting 
this information. Since the salesman usually is the 
man who first contacts the customer on these prob- 
lems, it reminds him each time of the importance of 
getting this information. By going through this check 
list with the customer, the salesman will get the in- 
formation needed in the plant without added follow- 
up by the design department. 

After the foregoing information is compiled the 
salesman and design department should consider a 
number of points before further work is done. First, 
why should this part be cast? This is easily answered, 
especially if the part is of a complex shape. In con- 
verting weldments, especially, the increased dimen- 
sional stability, freedom from internal stresses, and 
improved appearance of a casting should be con- 
sidered. 

Next we consider if the quantity involved will jus- 
tify the cost of proper pattern equipment and develop- 
ment. This is most important when dealing with a 
small company whose production is low and shows 
little indication of increasing. Many of these shops 
start out with a cutting torch, a welding machine and 
an idea but have not reached the point either in vol- 
ume of business or stability of overall design of prod- 
uct to warrant the original cost of going to castings. 
Of course, there are many times when these small 
shops will turn into profitable accounts. 

Another thing we need to know at this point is 
whether we have time to run the part through the 
regular design procedure. This is something that must 








Fig. 1—Preparation room is equipped for applying stress coat 
to samples placed over a ventilation booth. 





Fig. 2—Stress laboratory has equipment for hydraulic loading 
of test samples, and SR4 strain gage equipment. 


be discussed thoroughly with the customer. In many 
cases the customer, who is in a great hurry to get his 
design cast and out of the foundry, should be made 
to realize that testing with stress analysis equipment 
and using the resulting data to prove a design will 
often eliminate much time-consuming and costly field 
testing. Here it should be stressed to the customer 
that our procedure also works out the production dif- 
ficulties on the casting while the design is being de- 
veloped to best meet his requirements. 

Many times, however, we find it necessary to sub- 
mit drawings and estimates to a customer before we 
get an opportunity to properly design the casting by 
stress analysis methods. This does, nevertheless, give 
us a chance to incorporate as many ideas as possible 
in the design to make it easier to cast, as well as elim- 
inate any glaring high-stress areas that might be pres- 
ent. This, in itself, is only second best, but is much 
better than trying to cast some designs that are sub- 
mitted by engineers or designers who have no work- 
ing knowledge of what can or cannot be readily made 
into a casting. 

Finally, the two most important questions are: 
First, do we think we can reduce the weight of the 





‘part and maintain the same strength, or maintain the 

same weight and increase the strength? Second, do we 
think it is possible to make a casting for the same 
price or less than the casting, forging, or weldment 
that the customer has been using? If we think it is 
possible to answer both in the affirmative, we then 
have something to work on. 

When we have answered all of the above questions 
to our satisfaction, then it is time to take the tech- 
nical information obtained by the salesman as a re- 
sult of following the check list and proceed with the 
design. 

In order to redesign something for the customer by 
using experimental stress analysis, we obtain one of 
the parts he is presently using, whether it is a casting, 
weldment, or forging, and run it through a stresscoat 
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Fig. 3—Top—View of calibrator and strain scale, with test strip 
in place. Bottom—Closeup of strain scale showing cracks in test 
strip coating. 








Fig. 4—Top—Side view of hub casting showing elimination of 


ribs on redesigned hub. Bottom—Sunken section around bearing 
seat in bottom of hub casting was redesigned as flat surface. 


EXPERIMENTAL STRESS ANALYSIS IN CASTING DEsiIGnN 


Fig. 5—Top—Redesigned plow clamp casting. Center—Orig- 
inal casting milled down to about desired shape (accurate enough 
for tests). Bottom—Original design. 


test. To do this we must thoroughly clean the part, 
then coat it with an aluminum-pigmented undercoat- 
ing to furnish a uniform, bright working background. 
Brittle coating is then sprayed over the undercoating 
and allowed to dry overnight at a temperature of 95 
to 100 degrees (Figs. 1 and 2). 

When coating the part to be tested with stresscoat, 
several calibration strips are also coated. These are 
placed near the part under test and indicate the coat- 
ing’s sensitivity as the temperature is lowered in the 
testing room. This sensitivity is measured by putting 
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the strip in a testing jig called a calibrator which ap- 
plies a known strain. The strain scale in which the 
strip is placed shows how much strain is required to 
start fracturing the coating. Quantitative accuracy is 
possible only at the one strain value where patterns 
start to form (Fig. 3). 

Stresscoat, like glass, cracks whenever the tension 
stress gets above a certain amount. The cracks run at 
right angles to the heaviest tension stress. There is a 
direct correlation between the pattern coming in the 
brittle coating and the likelihood of a fatigue failure 
in a metal part because of the interesting analogy that 
brittle materials like glass will fail in a single applica- 
tion of load in the same manner that a ductile mate- 
rial like malleable iron will fail after millions of cycles 
of load. Under a single static loading, brittle-coat pat- 
terns will show where fatigue failure may occur under 
a great many cycles of load on the actual part. The 
brittle coatings can also be used under dynamic load- 
ing conditions but it simplifies the test program to be 
able to get results in a single application of load. The 
brittle coating method also provides an overall sur- 
vey of stress distribution, thereby showing where and 
in what direction to place strain gages. Disadvantages 
of the brittle coatings are that they can be used only 
once and are sensitive to temperature and humidity. 

With this useful information showing us the weak 
points in the present design, we can now undertake 
the job of making a better design (Fig. 4). Since we 
have a very good picture of stresses throughout the 
tested part, we know where metal should be added 
or taken off to give us this well balanced design. First, 
to give us some freedom in designing, we make rough 
sketches of what we plan to do. From these, we can 
make models or mock-ups of wood, clay, and plastic. 
At times, we can even take a sample of the present de- 
sign and alter it with the above materials to give us 
what we want. By working on these designs in three 
dimensions we are able to incorporate elliptical fil- 
lets, internal gatings, blended sections and other 
sweeping lines that are very hard to visualize in a 
two-dimensional drawing on the board. 

This also helps very much in conveying our ideas 
to the foundry and pattern shop superintendents who 
are next to look at the design and make any sug- 
gestions they might have to improve it for ease of 
casting. Many times we also want to take the models 
and sketches to the customer to show him our ideas 
and to let him actually see and hold the proposed part 
(Fig. 5). This can make a lot of difference to many 
who have a hard time visualizing a design on paper. 
At this time, we also like to make a drawing of the 
proposed design with enough information shown to 
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make a round estimate of price, and also to enable 
the patternmaker to make a loose wood pattern for 
our samples... 

Incidentally, the design department has a few 
basic pieces of woodworking equipment which en- 
ables us to make some of the more simple wood pat- 
terns. This eliminates the necessity for the drawing 
previously needed for patternmaking. The pattern 
in most cases can be used as both a model and a mas- 
ter. By making these patterns from rough sketches, 
we are also free to do all the things previously men- 
tioned in modelmaking, much of which is nearly im- 
possible to show on drawings. This consequently will 
eliminate the time previously spent in follow-up with 
the patternmaker. Also, at this stage the design for 
proper gating and coring can be developed. 

After everyone concerned has checked the model and 
sketches proposed for the new design, we can proceed 
with making the pattern, if not already made, and 
casting samples. Castings can often be made from the 
wooden master if the double shrinkage does not have 
much effect on the final casting dimensions. 

As mentioned previously, when the castings are 
made they are followed closely by each person con- 
cerned in his department to consider possible im- 
provements of the design for easier production. 

After cleaning, grinding, and checking for any fur- 
ther defects, the samples are machined and assem- 
bled for testing. The same procedure of testing as pre- 
viously described is used, and the redesigned parts are 
evaluated for proper design balance. 

If it is found that the castings are still considerably 
higher stressed in one section than in others, we then 
must go back and make changes on the master pattern 
and go through the same procedure again. As a per- 
son works with this method of design, he becomes 
more and more efficient in predicting and avoiding 
these areas of high stress. 

When we are satisfied that the casting has the 
stresses evenly enough balanced throughout, a draw- 
ing is made of the final and proven design. This along 
with the test reports and usually a sample casting are 
sent to the customer for his final approval. When ap- 
proval is received the job is turned over to the foun- 
dry for making the production pattern and castings 
to a design they have already found satisfactory. 

In conclusion, all of us in the foundry industry 
should exert more effort working with our customers 
to help them work out proper designs for casting. 
This method of design described, used with the other 
methods of non-destructive testing, can improve cast- 
ing quality to the point where the foundry is second 
to none of its competitors. 












RADIOGRAPHY — A NONDESTRUCTIVE 
TEST FOR THE FOUNDRY 


By 


William D. Kiehle* 


Quality control in the foundry uses all available 
testing methods to insure that a casting meets every 
acceptance standard. For many years chemical and 
physical tests have been supplying metallurgists and 
quality control engineers with valuable knowledge of 
the materials being used. In these tests the part or 
specimen generally is destroyed or damaged. How- 
ever, during the past several years a whole new class 
of inspection methods has become available which 
provides information without changing or damaging 
the part or specimen. These are called nondestructive 
testing methods, some of which are magnetic-particle 
testing, ultrasonic testing and industrial radiography 
—the last named being the oldest and most widely 
used of these three. 

Consider the progress made in this country during 
the past decade. This same progress has created the 
need for many new forms of nondestructive testing. 
As our standard of living advances, it is necessary to 
improve the quality of materials to meet the demand 
of ever-increasing stresses. Travel speeds have ad- 
vanced beyond the speed of sound, and certainly the 
limits have not yet been reached. As aircraft speeds 
increase, the motors to reach these speeds must, of 
necessity, be lighter, yet capable of withstanding new 
and higher stresses. The parts and materials must be 
homogeneous and have sound internal structure. 
Here industrial radiography steps in to answer the 
call for help. 

It must be remembered that no matter where we 
stand, as seller or buyer, we should not expect that 
any testing procedure can offset improper engineering 
design. The use of radiography, and other forms of 
nondestructive testing, can be helpful to the design 
engineer. The assurance of internal soundness may 
justify a significant reduction in safety factors. This 
reduction, in turn, can lead to a reduction in size and 
weight of castings, and to lower costs. Therefore, the 
proper use of industrial radiography as a tool for non- 
destructive testing and quality control can lower 
production costs, increase yield and insure reliability 
of products in service. 

It is also important to know when radiographic in- 


*Eastman Kodak Co., X-ray Div., Rochester, N. Y. 


736 


spection is advisable and practical. A decision by the 
design engineer, the quality control engineer, and 
the production manager should be made to determine 
the requirements of each department and the prac- 
ticability of using this form of testing. 

It probably is true that, working independently, 
two foundries would employ the same basic proced- 
ures in producing a particular casting. However, the 
detailed procedures employed would depend upon 
the physical equipment in the foundry and upon the 
experience and training of the personnel involved. 
After establishing a basic pilot casting technique, 





X-RAY FILM 





Fig. 1— Schematic diagram showing the fundamentals of a 

radiographic exposure. The dark region of the film represents 

the more penetrable part of the object, the light regions the 
more opaque. (Courtesy of Eastman Kodak Co.) 
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changes in procedure may be made, one step at a 
time, until satisfactory castings result. Here again, 
radiography shows the foundryman the degree of 
improvement brought about by each change. 
Superior quality is always the best basis on which 
to make repeat sales. A product may sell once if its 
price is low, but a high rejection rate with inferior 
castings would prompt the purchaser to seek a foundry 


Fig. 2 — Reciprocating ram casting, in the rough and after 
extens.ve machining. 














Fig. 3— The casting shown in Fig. 2 is subject to 100 per 
cent x-ray inspection. 


Fig. 4— Cast combustion chamber for high-pressure service 
setup for radiographic examination. 


consistently providing high quality castings. No one 
can afford to forget that in today’s market there is no 
profitable substitute for quality. 

Before viewing some actual foundry case histories, 
let us review the definition of a radiograph. A radio- 
graph is a photographic record produced by the 
passage of x-rays, or gamma rays, through an object 
onto a film. When film is exposed to x-rays, gamma 
rays, or light, an invisible change is produced in the 
film emulsion. The areas so exposed become dark 
when the film is immersed in a developing solution, 
the amount of darkening depending upon the degree 
of exposure. 

For example, if the object is a steel casting in which 
there is a void formed by a trapped gas bubble, more 
radiation will pass through the section containing the 
flaw than through the surrounding area because of 
reduced steel thickness. A dark spot, corresponding 
to the projected position of the void, will appear on 
the film when it is developed. Thus, a radiograph is 
a kind of shadow picture record — the darker regions 
on the film representing the more penetrable parts of 
the object and the lighter regions the more opaque. 
Figure 1, reproduced from the book, Radiography in 
Modern Industry, illustrates this. 





Fig. 5— Radiographs of casting shown in Fig. 4. Left — 
Blowhole detect. Right — Sound casting as result of improved 
foundry technique. 








738 


Case histories are the best way to prove one’s point. 
In Case I, Fig. 2 shows a reciprocating ram — on the 
left, as cast; on the right, as it appears after extensive 
machining. The rough casting cost $2.00. However, 
to achieve the final hand-scraped finish, $375.00 in 
machining costs were invested. Therefore, it was im- 
portant to know in advance of machining that this 
casting was internally sound. Needless to say, all of 
the castings machined were first approved by 100 
per cent x-ray inspection (Fig. 3). 

Case 2 pertains to a cast combustion chamber which 
must withstand high pressures. Figure 4 shows the 
casting and the radiographic setup for this examina- 
tion. Figure 5, left, is the radiograph of a section of 
the original casting in which a defect is evident. A 
cross section of the casting through this area confirmed 
the radiographic evidence of a blowhole. The radio- 
graph showed the location and nature of the defect, 
which enabled the foundryman to make the needed 
changes in casting technique. The part was then re- 
cast. The radiograph of the recast part (Fig. 5, right) 
shows that the improved foundry technique now gives 
sound material at the point of interest. 

Case 3 is another fine example of how radiography 
paid off and insured sound castings. The part is a 
draft gear used in car coupler mechanisms for the 
railway industry. It is essential that this part be of 
sound material to eliminate premature failure or cause 
expensive breakdowns. By using radiography, a suita- 
ble foundry technique was developed with minimum 
delay. 

Figure 6 shows the radiographic setup used for 


Fig. 6 — Radio- 

graphic setup for 

examination of 

railway car coupler 
Part. 


















RADIOGRAPH) 








Fig. 7 — Radiograrh of car coupler casting ( Fig. 6) shows 
shrinkage defects. 





Fig. 8 — Car coupler casting is sectioned throvgh the shrink- 
age area. 





Fig. 9 — Radiograph of car coupler casting made by improved 
foundry method shows sound material. 





Fig. 10 — Cross section shows sound casting produced after 
&ating and feeding change. 


examining this 214-in. steel casting. Figure 7 shows 
the radiograph of the casting made by the “old” 
method and reveals considerable shrinkage. Figure 8 
shows a cross section of the first casting through the 
shrinkage. Figure 9 is a radiograph of the casting 
made by the “new” method and shows completely 
sound material. Figure 10 is a cross section of the 
new casting which proves the soundness of material. 

Case 4 is an excellent example of how radiography 
helped to determine the proper casting technique. 
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Fig. 11— Drawing of high-pressure cylinder casting shows 
critical areas and radiographic views required to insure 
soundness. 


This part is a cylinder which must withstand high 
pressures. In order to provide a continuous snug fit 
for a reciprocating piston, the inner wall requires 
precision machining. Figure 11, by means of a marked 
drawing, shows the three critical areas of the cylinder 
and the radiographic views, A, B, and C, required to 
insure their internal soundness. No casting defects 
occurred in the cylinder head, as shown in radio- 
graphic views C, with any of the casting techniques 
employed. 

The first method of risering the casting had two 
large feeder heads at the top of the casting and four 
smaller bumper risers spaced at 90° intervals around 
the bottom flange. The metal was gated into these 
small risers. Figure 12 shows the radiograph taken at 
position B on the casting made with this first method 
of risering, and shows severe shrinkage. 

With casting method 2 the top risers remained the 
same, but the top half of the casting was padded 
around its external circumference. A band of zirconite 
sand was placed all around the mold to act as a chill 
for about 7 in. below the padding. The four bottom 
risers were increased in height to 914 in., and increased 
in diameter to 514 in. The casting was also padded 
on the bottom a few inches from the opening riser. 
Figure 13 shows the radiograph at position A of the 
casting made by this second method of risering. Note 
that there is considerable shrinkage present. 

A third method was tried. The diameter and 
height of the top heads were increased to 10x 10 in. 
The previous top padding was increased in thickness 
all around. The height of the four bottom risers was 
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increased to 1414 in. A radiograph of the casting 
made by this third method was taken at position B, 
Fig. 14. The casting, in this view, is now very nearly 
sound. There is still a slight amount of shrinkage as 
shown under the letters. 

A fourth and final method was devised. This 
method incorporated the same technique as No. 3 ex- 
cept that a band of metal chills was placed in the 





se 


Fig. 12 — Radiograph of casting (Fig. 11) at position “B” 
shows severe shrinkage. 





Fig. 13 — Shrinkage shown at position “A” (Fig. 11) after 
change in risering method. 





Fig. 14—Third method resulted in almost sound casting 
(position “B”, Fig. 11). Slight shrinkage is shown at the top. 
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Fig. 15— Fourth method which included use of metal chills 
resulted in a sound casting. Radiograph shows position “B” 
(Fig. 11). 


core opposite the zirconite sand in the mold. The 
core chills supplemented the chilling action of the 
zirconite sand in the mold which alone had been in- 
adequate in this central section. A radiograph of the 
casting taken at position B, Fig. 15, shows internal 
soundness. 

As a foundry’s reputation for always supplying 
sound castings grows, the demand for these superior 
products should grow in equal measure. It is not an 
accident that consistently good castings so often come 
from foundries which employ radiography. Increased 
sales may result directly from assured quality products, 
but there are other tangible benefits from radiography 
which directly or indirectly profit both the foundry 
and its customers. Such benefits include: 

1) Economies within the foundry resulting from 
increased yield of salable castings from each pound of 
metal poured. 

2) Shorter delivery time promises which can be 
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anticipated because radiography enables sound cast- 
ing techniques to be developed with a minimum of 
pilot casting trials. 


3) Assurance of internal soundness permits original 
casting design to include minimum “safety factors” 
which so often are factors of ignorance. 

4) Broader sales opportunities through use of high 
quality castings in applications now employing com- 
ponents fabricated by more costly methods. 

5) Customers’ good will for production economies 
made possible by higher quality castings. His major 
savings may come from: 


a) Foundry ability to deliver promptly. 

b) His ability to anticipate a low rejection rate. 

c) Less need for incoming parts inspection. 

d) Negligible loss of manhours and machine hours invested in 
parts destined for the scrap heap because of internal de- 
fects not revealed until final machining. 

e) Elimination of production schedule interruptions previously 
thought unavoidable because of occasional lots of bad cast- 
ings. While avoidance of such delays is important to foundry 
customers, it is vitally important that the foundry not have 
to interrupt its scheduled operations in order to recast 
(at a loss) a rush order for replacement castings. 


6) Although the use of radiography may not al- 
ways bring about an actual lowering of the price paid 
for castings, it can almost always provide increased 
value for the casting purchasers’ dollars. 
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A STUDY OF CUPOLA DESIGN AND OPERATING FACTORS 
THAT INFLUENCE THE EMISSION RATES 
FROM FOUNDRY CUPOLAS 


By 


R. C. Ortgies* 


An equipment manufacturing concern, in order to 
develop and design equipment to meet the needs of 
the industry which it serves, must know that intdus- 
try’s processes and needs, and anticipate its require- 
ments wherever possible. 

The trend in the foundry today is toward economy 
of operation, usually accomplished by better material- 
handling methods and the use of preheated blast air 
in cupola operation. Civic-minded foundrymen will 
install collection equipment to suit their individual 
needs. 

Very little is known today about the actual amount 
of total emissions being discharged from cupolas. 
With melting rates ranging from 3 to 30 tons/hr and 
higher, most foundries will have one or two cupolas 
in operation at any given time. Dust loading will vary 
considerably, as will the mean particle size. The 
lighter dust loadings will consist basically of metallic 
fumes, while the heavier concentration will include 
coarse particles of charged material picked up by the 
stack gases. 

Information to date, indicates total dust emissions 
in the range of 10 to 45 lb per ton of melt. 

With the cooperation of a large midwestern foun- 
dry, the author’s company undertook the task of de- 
termining, by its own methods, the exact amount of 
material discharged from a cupola stack. The cupola 
selected was 96-in. shell diameter and equipped with 
a hot-blast system as shown in Fig. 1. A cupola of this 
type can melt up to 25 tons/hr with relative ease. 
Tests were to be conducted at the following rates: 


12 to 15 tons with hot blast and gas igniters 
18 to 20 tons with hot blast and gas igniters 
23 to 26 tons with hot blast and gas igniters 
18 to 20 tons with cold blast and gas igniters 


For accurate sampling it is essential that a study of 
the gas flow be made, as considerable disturbance is 
encountered by entry of air through the charging door 


*Foundry Sales Engineer, American Air Filter Co., Louisville, 


Ky. 
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opening. Pitot tube readings at two levels indicated 
the gas flow pattern, after which the sampling point 
selection was made. 

The sampling kit consisted of a recently developed 
small diameter dry centrifugal high efficiency cyclone 
cell arrangement (Fig. 2). This equipment, having 
a potential capacity of 3000 cfm, could draw off a 
sufficient volume of gas which, in the author's opinion, 
would be a representative sample of the total gas 
volume. An 18-in. diameter duct connection was re- 
quired so that isokinetic sampling could be main- 
tained. This take-off was placed in the center of the 
cupola, as it was found by previous tests that the 
velocity at this point remained quite constant. 

A diagrammatic sketch of the test arrangement is 
also shown in Fig. 1. Typical gas flow pattern through 
the collector is shown in Fig. 3. Since it was impossi- 
ble to take actual photos of the equipment as applied 
to cupolas, a previous test arrangement using identical 
equipment has been substituted (Fig. 4). 

Advantages of handling large volumes of gas are as 
follows: 


A) A small volume sampler can be placed before and 
after collector. 

B) Provides double check for test since comparison 
can be made between inlet and outlet samples. 
Also, between dust in hopper of collector and 
outlet pad. 


Sampler used contained 144 sq in. of No. 50 F. G. 
(glass fibre) filter media. Prior to any testing, gas 
burners were installed at charging-door level to com- 
plete combustion in the stack, and to reduce the den- 
sity of the discharged gases. Ordinarily, hot blast 
systems produce very little flame in the stack, espe- 
cially when operated at high coke ratios. 

The first test was made with hot blast in operation 
melting at the rate of 13.2 tons/hr. A total of 89 lb 
of dust was emitted to the atmosphere per hour from 
the cupola. Of this amount, 58 Ib was caught by the 
collector. Comparative efficiencies of inlet and outlet 
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Fig. 1— Hot blast cupola arrangement for emission testing. 


samples indicated 65 per cent (Table 1). Subsequent 
tests on the same day under identical conditions pro- 
duced similar results. 

Additional tests were made at 19, 23, 24 and 26 
tons/hr melt, and the results tabulated in Table 2. 
With increased melt at 19 tons the dust discharge in- 
creased considerably, whereas the emissions increase 
recorded on the outlet pad were slight. Collectance 





Fig. 2— Stack gas sampling device consisted of a small 
diameter dry centrifugal high efficiency cyclone cell arrange- 
ment. 
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Fig. 3 — Diagram showing typical gas flow pattern through 
the collector. 
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Fig. 4— Views of equipment arranged for testing cupola 
emissions. 


efficiency increased considerably. At cupola full rating 
of 23 to 26 tons the total dust discharge again in- 
creased, whereas collector efficiency remained con- 
stant. 

A series of tests were run using the cold blast prin- 
ciple at 18.3 tons/hr. Almost identical results were 
obtained in total emissions dust concentration, etc. 
At this writing it is impossible to offer a comparison 
between cold and hot blast cupolas. 

Factors which enter into the design of cupolas which 
influence the emission of dust to the atmosphere are 








as follow: 


1) Bed Height 


Of prime importance is bed height, which in all 
cases should be of sufficient depth to maintain an 
ample reserve of raw materials above the melting 
zone between charges. Coke is a natural filter and 
traps much of the dust being forced through the 
charge by the expanding burning gases. 


2) Charging Doors 


Of necessity the door size must match the charging 
system. Extra large doors present problems when 
capping cupolas for dust control systems of any 
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type. 
Tas_e 1 — Hor Briast Curota Test Runs — DATA AND RESULTS 
——— Run No. 1 Run No. 2 Run No. 3 
Cupola Stack Temp., F 1050 1050 1050 
Cupola Air Vol., cfm 73,000 73,000 73,000 
Cupola Air Vol., 70 F, scfm 26,000 26,000 26,000 
Cupola Tonnage, t/hr 13.2 15.5 15.5 
Blast Vol., 70 F, scfm 8,000 8,000 8,000 
Coke Ratio, Iron:Coke 10:1 10:1 10:1 
Inlet Outlet. Conc. Inlet Outlet. Conc. Inlet Outlet. Conc. 
14 in. 13 in. Hopper 14 in. 13 in. Hopper 14 in. 14 in. Hopper 
Collector Temp., F. 425 425 425 
Collector Air Vol., cfm 2780 2780 2780 
Collector Air Vol., scfm 1670 1670 1670 1670 1670 1670 
Sampled Air Vol., scf 186.0 212.4 100,200/hr 186.0 209.4 100,200/hr 208.8 100,200/hr 
Sampled Dust Weight, grains 73.5 29.9 $2,280 52.0 20.2 25,500 22.65 21,000 
Dust Concentration, grains/scf 0.395 0.14 0.32 0.28 0.0965 0.254 0.106 0.21 
Cupola Emission, Ib/hr 89 62.4 
Collector Emission ‘ 
Based on Cupola Air, lb/hr 31 71.4 21.5 56.6 23.5 16.7 
Efficiency, % 69.5 726 67.0 
65 65.5 None 
TasLeE 2 — Test RESULTS 
5 Inlet Outlet Coll. Emis- Efficiency Stack 
- Cupola Coke Dust Dust Dust Total sion Test Hopper Temp. 
X = Melting Air Volume Blast to Iron Conc., Conc., Conc., Emis- with Pads, Catch, (Avg.) 
oo Rate Volume 70 F Volume Ratio scf scf scf sion, lb Coll., Ib* % %, F 
Hot 13.2 73,000 26,000 8,000 rm: 10/1 0.395 0.14 0.32 89 31 65 69.5 1050 
Hot 15.5 73.000 26,000 8,000 10/1 0.28 0.0965 0.254 62.4 21.5 65.5 726 1050 
Hot 19 77,000 27,000 10.350 10/1 1.065 0.183 247 42.3 82.8 walked 1050 
Hot 19 77,000 27.000 10 350 10/1 —_ 1 0.165 0.785 38.0 82.6 1050 
ailure 
Hot 24 62,000 27.000 11,350 11/1 1.19 0.252 1.052 316 67 78.8 80.2 600 
Hot 26 62,000 27,000 11.350 11/1 1.213 0.226 0.913 323 60 81.4 80.2 600 
Hot 28 62,000 27 ,000 11,350 11/1 1.09 0.201 0.883 290 33.4 81.6 600 
Cold 18.3 83,500 27,000 9.340 8/1 0.762 0.173 0.69 176 40 77.3 80 1200 
Cold 18.3 83,500 27,000 9,340 8/1 0.782 0.184 0.738 181 42.6 76.5 80.3 1200 


*Norte: Total Emissions in lb/hr 
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3) 




















4) 


5) 


Stack Height 
The stack above the top of the charging door is a 
very economical combustion chamber. The over- 
all height is directly dependent on the charging 
door size; however, in most small cupolas to size 
No. 4, 25 ft should be considered. Sizes 5 to 7, 
30 ft, and 8 to 12 approximately 35 to 40 ft. 


Igniters 

In order to help correct the cupola emission prob- 
lem, it is necessary to burn the carbon monoxide 
gas with as much of the combustible particulate 
matter as possible. For this purpose gas- or oil-fired 
pilot igniters are usually placed slightly above the 
maximum charge level. Examination of test pads 
and materials collected in the collector hopper 
indicated a color differential when igniters were 
used. With burners in operation and combustion 
in stack complete, the color was metallic gray. 
Where no burners were used, the color was brown, 
indicating unburned carbon particles. 


Material Handling 
A good part of the dust discharge is in direct re- 
lationship to types of material being charged. 





6) 


EMISSIONS FROM FOUNDRY CUPOLAS 


Dirty scrap upon entering the gas stream is purged 
of its dust coating. Coke containing excessive 
amounts of breeze is a contributing factor. Tests 
conducted over several years indicate that 33 
per cent of the total discharge occurs through 
material handling. Proper placement of the charge 
in the cupola is desirable. Even distribution of 
materials allows the gas to filter through the entire 
bed and prevents open spots. Irregular distribu- 
tion provides quick escape routes for the gases at 
high velocity, contributing to higher dust dis- 
charge rates. 

Blower Air Volume 

Blower air volumes should be held to moderate 
levels and operated in accordance with good 
foundry practice. Excess air, in addition to creat- 
ing melting problems, contributes greatly to the 
amount of dust discharged. 


It is hoped that the foregoing test results and com- 


ments on the design factors, which influence the dust 
emission rates of cupolas, will prove beneficial to 
foundrymen, engineers, users, and manufacturers of 


dust control and melting equipment. 




















MECHANICAL PROPERTIES OF ALUMINUM 
ALLOY CASTINGS 


By 


Roy E. Paine* and W. D. Stewart** 


ABSTRACT 


In view of the increasing demand for high strength 
aluminum alloy castings, there is a need for data on 
the actual mechanical properties of the castings. This 
paper discusses the importance of design factors on 
the mechanical properties obtained, the relationship 
between the mechanical properties of separately cast 
test bars and those of the castings, and the various 
metallurgical factors affecting mechanical properties. 
Summarized data obtained on the mechanical proper- 
ties of test specimens cut from a variety of castings 
are presented. Some examples of studies made on 
specific parts are also included. 


Introduction 

Aluminum-alloy castings have been used for 
stressed parts in aircraft and other fields for many 
years. More recently the demand for higher strength 
metals in all forms and the increasing cost of fabricat- 
ing complex shapes by machining have led to a de- 
mand for further improvements in the strength of 
aluminum-alloy castings. 

The factors affecting the strength and uniformity of 
cast aluminum alloys are being actively explored, but 
the ultimate properties promised by much of this 
work are available as yet only on a laboratory scale. 
While these developments offer much promise for the 
future, there is need for a better understanding of the 
mechanical properties generally obtainable in _pro- 
duction castings at the present time. 

Much of the published data to date have been con- 
cerned with mechanical properties of separately cast 
test bars. In order for the designer to take maximum 
advantage of the structural possibilities of aluminum 
alloy castings, there must be a better understanding 
of the mechanical properties now available in actual 
castings produced under modern methods of control, 
using advanced production techniques. Another paper 
presented at the current meeting! describes some of 
the methods of contro] that have been demonstrated 
to be necessary in order to insure consistently high 
quality in aluminum alloy castings. This paper will 





* Works Chief Metallurgist, Vernon Works, Aluminum Com- 
pany of America, Vernon, California. 

** Staff Metallurgist, Central Metallurgical Dept., Castings 
Division, Aluminum Company of America, Pittsburgh, Pa. 
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present some mechanical property data obtained from 
castings produced using these methods. 


Importance of Design Factors to Mechanical Properties 


In the proposal for a new part to be produced as a 
casting, there is need for consultation between the 
foundry and the designer as to the particular combina- 
tion of mechanical properties required for the end 
use of the casting. This is important in the selection 
of alloy and temper and the casting process to be 
used. It is also important from the standpoint of pro- 
ducing a casting of required quality. The design engi- 
neer, by following a few rules, can not only effect an 
improved part from the structural standpoint, but at 
the same time may be able to reduce unnecessary ex- 
pense in producing a casting. 

Frequently, the same features of design that cause 
difficulty to the foundryman and result in high costs 
will also adversely affect the quality of a part. Some 
shortcomings of design may be overcome by advanced 
foundry technique, but the design engineer cannot 
rely on the foundry to produce castings with maxi- 
mum soundness and mechanical properties unless the 
basic requirements of desirable metal solidification 
are incorporated in the design. 

It is beyond the scope of this paper to review in 
detail the principles of casting design; these are gen- 
erally well known.? A single illustration of a design 
feature important to the quality of a diesel engine 
cylinder head casting is shown in Fig. 1. The original 
design provided for a thin vertical wall joining a 
heavy horizontal wall with only a small radius on the 
inside corner, as shown in the upper half of the 
drawing. This junction of sections with unequal cool- 
ing rates resulted in shrinkage and cracking in the 
areas indicated. 

Blending this junction, as shown in the lower half 
of Fig. 1, corrected this local condition. This change 
also reduced the distance through which metal was 
required to flow in the thin wall; thus, it was possible 
to lower the pouring temperature with an overall im- 
provement in the soundness and strengh of the cast- 
ing. 

In this paper, only static mechanical properties are 
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discussed. These are important basic factors in design 
and although not the only ones of importance, par- 
ticularly in applications involving dynamic loading, 
they are to a certain extent a measure of other prop- 
erties, such as resistance te shock. 

On the other hand, recent papers on the fatigue 
properties of cast aluminum alloys?-4.5 showed no 
pronounced differences in the fatigue strength of 28 
alloys cast in sand molds and 17 alloys cast in perma- 
nent molds. Such factors as quality of the casting, par- 
ticularly surface quality, and design principles are 
evidently more important considerations in fatigue 
than are alloy and temper. 


Mechanical Properties of Separately Cast 
Test Bars Versus Those of Castings 


For specification purposes, the mechanical prop- 
erty requirements of aluminum casting alloys are 
normally based on tests made on separately cast test 
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Fig. 1 — Section of cylinder head casting showing the original 
method of joining thick and thin walls, upper halt of drawing, 


and revised design, lower half. Areas of shrinkage and crack- 
ing with the original design are indicated by arrows. 
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specimens produced to a standard design. The prac- 
tice used to produce these test specimens is such as to 
provide consistently reproducible results; thus, any 
changes in metal composition, metal-handling prac- 
tices or heat treatment that may occur during the 
production of the test bars and the castings they rep- 
resent, will be reflected in the mechanical properties 
of the test specimens. 

Separately cast test specimens are useful, therefore, 
as one phase of production control. However, the 
mechanical properties of such separately cast speci- 
mens do not necessarily reflect the mechanical prop- 
erties of the castings they control. A number of fac- 
tors, such as section thickness and casting configura- 
tion, which affect the solidification rate of the metal 
in the mold or the soundness of the casting section, 
may result in either higher or lower mechanical prop- 
erties in the casting as compared with the separately 
cast test specimens. Depending upon their location in 
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the casting, the mechanical properties of test speci- 
mens machined from a single casting will also show 
some variation. 

Recognizing the fact that casting properties are in- 
fluenced by a number of factors, some specifications 
require that, when tests on specimens machined from 
castings are used for inspection purposes, the average 
tensile strength and elongation of specimens ma- 
chined from the heaviest, intermediate and lightest 
section of the casting shall not be less than 75 and 25 
per cent, respectively, of the values required for 
separately cast test specimens. 

These percentages were selected to enable the 
foundries to have a standard for the inspection of 
castings and represent a level of properties that should 
be readily met with normal operating practices in all 
types and sizes of castings. They do not necessarily 
represent the level of properties that should be ex- 
pected in a specific casting and are too general to be 
of real value in present-day applications where the 
designer is interested in the best possible properties. 

There is no general rule by which this relationship 
of properties in castings to those of separately cast 
test bars can be determined in advance for a specific 
design. Hence, in determining the design stress to be 
applied, the designer must, from experience and pre- 
vious data obtained by testing specimens machined 
from comparable castings, develop the proper factor 
of safety to apply to his new casting design. Later, the 
designer may require that test specimens be machined 
from designated areas of his new casting to check 
whether they meet his design values. 

Only by a more general practice of testing speci- 
mens machined from castings can the full potentiali- 
ties of castings for stressed applications be realized. In 
the case of new designs, the properties to be expected 
in the castings can be determined on the first castings 
produced. If this type of testing is done as a method 
of control on consecutive lots of castings produced, it 
can also do much to demonstrate the consistency of 
the quality of the castings. 

The static breakdown test involves loading the en- 
tire casting in a manner similar to that encountered 
in service.6 This method of testing may include meas- 
urement of localized stresses by strain gage or other 
methods and thus provides extremely valuable infor- 
mation, not only as to the quality of the casting, but 
also as to the suitability of the design. The effect of 
casting conditions, existing discontinuities, the prop- 
erties of the alloy and the details of the design, are all 
integrated in one overall result. For these reasons, the 
static breakdown test provides more reliable informa- 
tion as to the serviceability of the casting than is ob- 
tained even from test specimens machined from the 
part. 

Because of length and thickness limitations, test 
specimens machined from castings are often smaller 
than the standard 0.505-in. diameter specimen. When 
the total cross-sectional area of the specimen is small, 
the effect on the properties of size and location of 
sma!] discontinuities is considerably magnified over 
the effect that would be expected if the same dis- 
continuity were present in the full casting section. 
The effect of these discontinuities on the properties 
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of machined specimens is compensated to some 
extent when averaging the results of several speci- 
mens from the same part. Even this procedure, 
however, does not provide as accurate a measure of 
casting strength as does the testing of the entire part. 
The use of breakdown tests on castings sampled from 
each production run of a part, therefore, provides a 
ready method of checking the consistency of the 
quality of the castings. 


Factors Affecting Mechanical Properties 


In general, the metallurgical factors affecting the 
mechanical properties of a casting are chemical com- 
position, the rate and direction of solidification of the 
metal and its resulting effect on microstructure, the 
soundness of the casting, and the heat treatment. Of 
these, chemical composition and heat treatment are 
well defined for a particular alloy and temper. Ade- 
quate procedures are available for controlling the 
chemical composition and heat treating conditions 
within the desired limits. 

The production variables that have the greatest 
effect on mechanical properties are the rate and di- 
rection of solidification and the casting soundness. 
Hence, the control of these variables offers the most 
promise in achieving consistently high mechanical 
properties in castings. Research metallurgists are de- 
veloping a good understanding of the effect of these 
factors and what must be done to obtain the ultimate 
mechanical properties that are potentially available 
in the aluminum casting alloys. 

The more progressive people in the foundry in- 
dustry are keeping informed of this work and are 
learning to apply the principles resulting from _re- 
search in this field. However, the application of these 
principles becomes more complex as the casting de- 
sign becomes more complicated. The mechanical 
property values for aluminum alloy castings presented 
in this paper are believed to reflect a condition gen- 
erally obtainable in production castings at this time. 

In order to obtain soundness in the casting, the 
metal must be properly melted, treated and handled 
to avoid gas porosity and dross inclusions. It is neces- 
sary to provide adequate feeding of the metal in the 
mold by a suitable system of gates and risers and to 
establish a sequence of solidification so that the change 
in unit volume of the metal on solidification can be 
compensated for satisfactorily. Proper design is of 
great importance in obtaining the progressive solidifi- 
cation required for a sound casting.? 

The solidification rate is related to the pouring 
temperature, mold material, and section thickness in 
the casting. The greater the thermal conductivity and 
specific heat of the mold material, the more rapid is 
the solidification of the metal, with consequently 
higher static mechanical properties in the casting. 
The effect of mold material on the mechanical prop- 
erties of test specimens machined from aluminum 
365-T6 alloy castings is shown graphically in Fig. 2. 
The values shown represent averages of results ob- 
tained from a variety of castings randomly sampled. 

The thinner sections of castings solidify more rap- 
idly than the thicker sections, resulting in generally 
somewhat higher mechanical properties in the thinner 











356-16 ALLOY 
SAND AND PERMANENT MOLD CASTINGS 
° AVERAGE VALUES ~ ALL SECTIONS 








« b 
3 » m= rr ~_* 
« Ft @ 3 
- 7} E 5 
g.| 3° 2/32 
= "2 73s role 
bi pzi28 ezle8 
re |eses ES es 
3° ) $4) 5% 
r | 9a} ¢ 23/23 
- 93 — z Fy 


























YIELD STRENGTH TENSILE STRENGTH 


Fig. 2— Ettect of mold material on mechanical properties. 
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Fig. 3 — Effect of section thickness on mechanical properties. 
Average properties of test specimens machined from step- 
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Fig. 4— Average mechanical properties of test specimens 
machined from castings. Various section thicknesses. 


sections. The effect of section thickness on the me- 
chanical properties of a 356-T6 alloy sand casting 
chilled uniformly on one surface is shown graphic- 
ally in Fig. 3. 

The average mechanical properties obtained from 
a large number of production sand castings of various 
section thicknesses are shown in Fig. 4. Figure 5 pre- 
sents similar data accumulated from 356-T6 alloy 
permanent mold castings. In Fig. 6 the average me- 
chanical properties of a number of 220-T4 alloy sand 
castings are depicted. It should be pointed out that the 
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Fig. 5 —- Average mechanical properties of test specimens 
machined trom castings. Various section thicknesses. 
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Fig. 6 — Average mechanical properties of test specimens 
machined from castings. Various section thicknesses. 
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Fig. 7— Bar X and R chart for average yield strength. 


data presented in Figs. 4, 5, and 6, coming as they do 
from production castings, do not reflect the effect of 
section thickness alone as do the data in Fig. 3. For 
example, in many of the production castings the ef- 
fect vf section thickness has been compensated by 
foundry practices beneficial to the particular casting. 

An important question is how consistently produc- 
tion runs of castings will have the level of mechanical 
properties expected from tests made on test specimens 
machined from the first run of castings. The paper 
on production of aluminum alloy specification cast- 
ings previously cited! discussed the controls necessary 
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Fig. 8 — Bar X and R chart for average tensile strength. 
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Fig. 9— Bar X and R chart for average elongation. 


to insure the consistent production of high quality 
castings and emphasized the need for good foundry 
operations. 

As previously stated, in order to ascertain the con- 
sistency of mechanical properties in subsequent pro- 
duction runs of castings, tests should be made on 
specimens machined from castings sampled from each 
lot shipped. Breakdown tests made on castings sim- 
ilarly sampled would provide even more information 
as to the uniformity of the castings from a service 
standpoint. 

In Figs. 7, 8, and 9, bar X and R charts are used to 
show the consistency of the average yield strength, 
tensile strength, and percentage elongation, respec- 
tively, of test specimens machined from 220-T4 alloy 
castings of the same design from successive production 
runs. 


Mechanical Property Data on Specific Parts 


Photographing of castings with the location of test 
specimens outlined and recording the mechanical 
properties obtained on these specimens is a useful 
means of accumulating data on the level of mechani- 
cal properties obtained in various sections of specific 
parts. 

Figure 10 illustrates a typical aluminum 356-T6 
alloy sand casting. The mechanical properties ob- 
tained on test specimens taken from the outlined lo- 
cations are listed in Table 1. Figure 11 shows the test 
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Fig. 10 — Aluminum 356-T6 alloy sand casting, part no. 
457927, showing location of test specimens. 


TABLE 1 — MECHANICAL PROPERTIES OF TEST 
SPECIMENS MACHINED FROM AN ALUMINUM 
356-T6 ArLoy SAND CASTING 








Part No. 457927 Wt. 3.5 Ib 
Avg. Y.S. Avg. 
Test No. Section (offset Avg. Elong. 
Specimen of Thickness, 0.2%), yy * % in 
Location Tests in. psi psi 2 in. 
] 1 1.1 25,750 29,400 2.9 
2 2 1.] 29,700 31,300 2.5 
3 2 0.25 26,800 27,700 1.3 
4 2 0.25 27,700 29,650 13 
5 2 0.25 27,400 $2,500 2.0 
Individual Values 
Maximum 31,150 32,500 3.0 
Minimum 25,750 27,300 1.0 
Average 27,650 30,150 1.9 





specimen locations on a relatively large 220-T4 alloy 
sand casting, while Table 2 lists the mechanical prop- 
erties obtained on this casting. An aluminum 356-T6 
alloy permanent mold casting is shown in Fig. 12, and 
its mechanical properties in Table 3. 

Mechanical property values obtained in this man- 
ner are useful in a number of ways. They not only 
prove the design and production technique used on a 
part, but also may aid in developing future designs. 
They offer a direct means of comparison in the de- 
velopment of new alloys and tempers. Data of this 
nature are rather costly and time-consuming to ob- 
tain but, if accumulated over a period of time on a 
wide variety of parts, should be of great assistance 
both to designers and to the foundry industry in ex- 
ploring the possibilities of extending the applications 
of aluminum alloy castings. 


Conclusion 
The major points of this discussion may be sum- 


marized briefly as follows: 
1. The concept of considering test specimens, ma- 
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chined from aluminum alloy castings to have 75 per 
cent of the tensile strength and 25 per cent of the 
elongation valyes required for separately cast test 
bars, is not representative of the potential mechanical 
properties presently available in many designs of 
aluminum alloy castings. 

2. Breakdown tests or the testing of machined speci- 
mens from castings of consecutive production runs 
can be incorporated in the regular acceptance test 
procedures. Data resulting from such tests are of great 
value in demonstrating the strength of a particular 
part and the consistency of properties from one lot to 
another. Increased application of these testing meth- 
ods and analysis of the resulting data should benefit 
both the casting user and the foundry industry. 


TABLE 2 — MECHANICAL PROPERTIES OF TEST 
SPECIMENS MACHINED FROM AN ALUMINUM 
220-T4 At.toy SAND CASTING 








Part No. P-27 Wt. 30 Ib 
Yield Strength Elonga- 

Test Section (Offset Tensile tion 
Specimen Thickness 0.2%), Strength % in 
Location in. psi psi 2 in. 
1 0.63 25,250 38,000 10.0 

2 0.63 24,650 31,700 45 

$ 0.63 24,750 $2,550 55 

4 2.0 24,000 34,850 7.1 

5 2.0 24,000 31,300 5.0 

6 2.0 23,750 33,000 6.4 

7 2.0 25,250 34,350 5.7 

8 0.50 26,600 34,800 5.5 

9 0.50 25,800 36,750 75 
10 0.50 26,350 36,300 75 
11 0.50 26,150 $2,950 5.0 
12 0.50 26,100 33,050 4.5 
13 0.50 29,700 47,000 12.5 
14 0.50 26,000 38,350 8.5 
Maximum 29,700 47,000 12.5 

Minimum 23,750 31,300 4.5 

Average 25,600 35,350 6.8 








Fig. 11 — Aluminum 220-T4 alloy sand casting, part no. P-27, 
showing location of test specimens. 
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TaBLE 3— MECHANICAL PROPERTIES OF TEST 
SPECIMENS MACHINED FROM AN ALUMINUM 
356-T6 ALLoy PERMANENT Mojp CAsTING 
Part No. 109-58251 Wt. 1.3 Ib. 





Avg. Y.S. 
(offset Avg. 
0.2%), TS., 


Test No Section 
Specimen of Thickness 


Location Tests in. psi psi 
28,650 | 


39,050 . 
37,800 
38,500 
38,800 
38,200 
39,300 


3 . 
3 : . 28,400 
3 : 27,700 
8 28,300 
3 dee 29,150 
3 %, 28,450 
Individual Values 
Maximum 
Minimum 
Average 


40,850 
33,800 
38,600 


29,850 
26,150 
28,450 ¢ 





3. Of the two methods of testing available, break- 
down tests provide more reliable information as to the 
integrity and performance of the casting as a whole 
than does the testing of machined specimens. 

4. Production variables having the greatest effect 
on mechanical properties of aluminum alloy castings 
are the rate and direction of solidification and the 
casting soundness. There is an understanding among 
research metallurgists of the effect of these variables 
and their means of control. Portions of the foundry 
industry are learning to apply these principles and 
are progressing toward the goal of attaining the ulti- 
mate mechanical properties potentially available in 
castings of typically complex design. Until these goals 
are reached, a better understanding of the properties 
presently available in castings should be useful to de- 
signers. 


References 


1. R. E. Paine and P. V. Faragher, “Production of Aluminum 
Alloy Specification Castings,” AFS Transactions, vol. 63 (1955) . 

2. T. R. Gauthier and H. J. Rowe, “Engineering for Alumi- 
num Alloy Castings,” Annual Meeting, The American Society of 
Mechanical Engineers, Dec. 3, 1947, Atlantic City, N. J. 

8. R. L. Templin, F. M. Howell, and J. O. Lyst, “Fatigue 
Properties of Cast Aluminum Alloys,” Product Engineering, 
vol. 23, May 1952, pp. 119-123. 

4. M. Holt, “Some Factors Affecting Fatigue Strength of 
Aluminum Alloy Sand Casting,” TRANsactions, American Foun- 
drymen’s Society, vol. 62, pp. 508-516 (1954) . 

5. R. L. Templin, “Fatigue of Aluminum,” Third Gillett 
Memorial Lecture, Proceedings of A.S.T.M., vol. 54, 1954. 

6. K. R. Van Horn and H. J. Heath, “Quality Control of 
Aluminum Alloy Aircraft Castings,” S.A.E. Journal, vol. 42, 
Jan. 1938, pp. 4-12. 


DISCUSSION 

Chairman: D. L. La Vee, American Smelting & Refining Co., 
Barber, N. J. 

Co-Chairman: J. W. Meter, Dept. of Mines & Technical Sur- 
veys, Ottawa, Ontario, Canada. 

J. G. MezorF:1 Would the authors state the reasons for supe- 
rior mechanical properties in permanent mold castings (as com- 
pared to sand castings) , commenting on the effects of grain size 
and porosity. 

F. W. Brewster:2 Does the 75 per cent limitation on tensile 
strength apply to yield strength also, i.e., on machined from 
casting test bars? Would the failure of one bar to meet specifica- 
tions of 75 per cent yield be the basis for rejection providing the 
average is satisfactory? 
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Fig. 12 — Aluminum 356-T6 alloy permanent mold casting, 
part no. 1109-58251, showing location of test specimens. 


R. B. McKInLey:3 Did you say that a part:cular allcy, meeting 
a specification, can give higher tensile, yield strength, and elon- 
gation by more closely controlling the impurities of the alloy? 
What impurities of alloy 356 must be controlled and to what ex- 
tent, will give such increases? 

WARREN JOHNSON:4 To what do you attribute the extremely 
high properties of XA356-T61 as given in the latter part of your 
paper? 

M. V. Davis:5 Do you have mechanical property data for the 
sand-cast experimental alloys? What attempts are being made to 
raise the yield strength of sand-cast aluminum alloys? Do you 
think the use of chills in the critical sections of sand castings 
would enhance the properties of the experimental alloys, es- 
pecially XA356-T6? 

W. D. Wactuer:6 Do you find the fatigue properties of per- 
manent mold castings higher than sand castings? 

In those locations in sand castings where static mechanical 
properties are much higher than average mechanical properties, 
is fatigue strength also significantly increased? 

K. E. Netson:7 Are the strength properties and dimensional 
properties of the experimental 356-T61 alloy as good as the reg- 
ular 356-T6? What are the comparative effects of temperature 
on these two alloys? 


1. The Dow Chemical Co., Midland, Mich. 
2. Brumley Donaldson Co., Huntington Park, Calif. 
3. McKinley Metal Co., Ft. Worth, Texas 

4. Apex Smelting Co., Chicago 

5. Anderson Brass Works, Inc., Birmingham, Ala. 
6. Ford Motor Co., Dearborn, Mich. 

7. The Dow Chemical Co., Midland, Mich. 
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A. H. Peterson8: For data presented, were the test bars cut from 
castings machined all over? 

What is your opinion of possible effect of skin on properties of 
specimens cut from castings? 

C. M. Apams:® Do the special 356 alloys involve closer control 
over Mg content than the usual 0.2-0.4 per cent? What are the 
authors’ opinions concerning effects of Mg content in 356? 

R. E. PAINE AND W. D. Stewart (Authors’ Closure): Since 
many of the questions have to do with closely related matters, 
the authors have chosen to make a combined reply to the ques- 
tions raised in this discussion. ‘ 

The superior mechanical properties in permanent mold cast- 
ings as compared to sand castings can be attributed to the 
generally higher degree of soundness and the finer distribution 
of microconstituents characteristic of permanent mold castings; 
a smaller average grain size is usually found in permanent mold 
castings but the effect of this factor on properties is minor. 

While most specifications apply the 75 per cent ratio to the 
yield strength as well as the tensile strength, when judging 
specimens machined from castings, it has been our experience, 
confirmed by the data presented here, that the yield strength of 
test specimens machined from castings will usually be 100 
per cent or more of the separately cast bar requirements. Unless 
otherwise stated by a drawing or specification requirement we 
would consider that these percentages apply to average values 
and the failure of one bar would not be cause for rejection if 
the average was satisfactory. 

The smooth specimen fatigue scatter bands for permanent 


8. Lockheed Aircraft Corp., Burbank, Calif. 
9. Massachusetts Inst. of Tech., Cambridge, Mass. 
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mold alloys show somewhat higher fatigue strength than sand 
cast alloys throughout the full range of cycles. However, there 
is considerable overlapping of the sand and permanent mold 
bands and the differences noted may not be of practical signifi- 
cance in designing. A more complete discussion of these points 
will be found in references 3, 4, and 5. 


In all of the data presented, the test bars cut from castings 
were machined all over. Tests some years ago showed no sig- 
nificant differences in static mechanical properties of specimens 
cast to 0.565 in. diameter and machined to 0.505 in. diameter 
for testing, when compared to specimens cast to 0.505 in. and 
tested with the cast surface intact. : 


The improvement in the properties of permanent mold cast- 
ings provided by XA356-T61 alloy when compared with standard 
356-T6, is a result of controlling the iron content to a low level 
in the former alloy. Although it is recognized that the tensile 
and yield strengths are benefited by increasing magnesium con- 
tent within the 356 alloy composition range, there are serious 
practical problems connected with operating to a closer specifi- 
cation. Alloy XA356 therefore has the same 0.2-0.4 per cent 
magnesium range as does 356 alloy. Alloy XA356 has not been 
considered for general sand casting application, although chill- 
ing of sand castings will always make for increased soundness 
and a finer microstructure. The attainment of higher yield 
strengths in sand-cast aluminum alloys is receiving active study 
in many quarters but in the aluminum-silicon alloys, higher 
yield strength is best obtained by variations in the aging treat- 
ment. The dimensional stability of XA356-T61 is equivalent to 
that of 356-T6; we have not developed elevated temperature 
mechanical property data for XA356 alloy because we have 
considered that alloys other than the 356 type are of greater 
interest at elevated temperature applications. 
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